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The objective of the study was to investigate:

• Data collection problems

• Data requirements for productivity, software reliability
and cost studies

Data entry/data management interface

Specifications for a software data collection and reporting system

This report consists of an executive summary of the investigations made. Data
collection problems were found to arise from the lack of standardization ,
from the effects of “instrumenting” the development process, from resistance
to management control and from relunctance to release data. Data requirements
for productivity, software reliability and cost studies include environmental
parameters, project performance data and product quality characteristics
obtained at strategic points in time and place in the software development
life cycle. An overview of the collection automation reauirements included a
discussion of the advantages and disadvantages of various data base structures ,
degree of centralization, data management functions , and system hardware. The
general specifications for the data collection and reporting system included
the recommendations made for data entry , and data management system, with
specificity to data types and methods of collection, after considering the
alternatives derived during the course of the study . Also included is a brief
discussion of the merits/demerits of an independent collection agency
co~isisting of either a civilian contractor , Civil Service, Air Force personnel
or combination of the above.
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EVALUATION

The objective of this effort was to investigate the general area of
software data collection and determine data criteria necessary to assist
proj ect managemen t, to assess evolving programming techniques, and to
support continued software technology research and development.

This effort is part of TPO 3.V.A.l.4, Quality Control. Immediate
results of this study will be used to establish a pilot facility at RADC
which will function as a nucleus or baseline for the development of a
fully operational central repository of software development data.

This investigation successfully addressed all major program objectives.
Notable accomplishments, initially viewed as critical problems facing
the development of a large software data base, include:

a. The definition, classification , and categorization of data
parameters required to support productivity , reliability,
and cost analyses.

b. The formulation of data collection forms, modularized to
accomodate diverse projects and allow expansion of data
parameters based upon evolving research goals and future
software quality metrics.

Recommendations resulting from this effort and a parallel study
conducted by the Illinois Institute of Technology Research Institute
(IITRI) , contract F30602—75—C—0257, “Software Data Repository,” are
currently being integrated into RADC plans for implementing a localized
pilot facility. Technical decisions/direction for a fully operational
repository will evolve from continued evaluation of this facility.

~ A~~~tJ~ i~~~~J~RICHARD T. SLAVINSKI
Project Engineer
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1. TECHNICAL PROBLEM

The overall objective of the Data Col lection Study was to conduct an investi-
gation into the formation of a software data repository that woul d assist RADC
in the development of a viable and effective research program in data process-
ing technology . Accurate , reliable and valid data are required to provide
credible evaluations of proposed i nnovations in software development method-
ology and to provide deeper insight into the software development process that
could resul t in improvements in programing productivity, software reliability ,
and software development costs .

1.1 DEFINITION OF THE PROBLEM

The burgeoning costs of software development, the lag in software productivity
behind hardware productivity , and the continuing uncertainty of,predicting the
cost, time and difficulty of software production are matters of great concern
to the data processing community . At the present time there are a number of
current development technologies that are alleged to result in increased pro-
grammer productivity and software reliability . However, despite the optimi s-
tic claims advanced for these tools and techniques , there is atpresent few, if
any, really trustworthy data to support the claims . There has been little
effort expended in the past in compiling objective histori cal data concerning
software development projects and the techniques employed by those projects.
Most previous studies 0f the software development process have been based upon
subjective , after-the-fact assessment of project parameters . Current claims
are based upon experinental trials using the new methodology in the absence of
adequately defined control trials upon which to base comparisons. Wi thout
such information, conclus ions drawn concerning the effectiveness of the new

- methodology lack validity. Establishment of a software development data
repo~~tory will provide a valuable service in collecting the data upon which
to base comparisons ar1d form conclusions .

A continuing repository and data collection system will go a long way toward
supporting and, perhaps, resolving many of the difficulties encountered in
perfonn~ng studies Of data processing technology. Developmental projects have
an epheneral existence ; they are created, perform as required, and are discon- —

1
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tinued. The people working on a project are dispersed, assigned to other pro-
jects and are no longer responsible for preserving data concerned wi th that
project. Without any immediate Interest in the accumulated data , it is soon
lost or discarded . Once delivered, the responsibility for operating and main-
taining a system often shifts to an 0&M group. Since many of the current
claims to increased productivity are based upon alleged increases In rel iabi-
lity, transportability and maintainability during the life of the sys tem, con-
tinuity of data collection Is essential to the demonstration of the truth of
such claims . Only by providing a reposi~ory for softwa re development data
independent of the transitory concerns of the various groups associated with
the life of a system can such data be preserved for use in technology assess-
ments . —

1 .2 OBJECTIVES OF THE STUDY

The objecti ves of the proposed RADC Software Development Data Reposito ry are
to:

• Preserve software development data collected over many
projects and under many conditions for further evaluation .

• Generate further insight into the software development process.

• Provide the basis for comparative studies of software develop-
ment methodologies and techniques .

• Provide data services for project management.

The study is being pursued by two contractors. SDC, the author of this study ,
is emphasizing components of data col lection for the repository , while ITTRI ,
the other contractor, is emphasizing the retrieval aspects of the repository.

The objecti ves of this study are to:

• Investigate the problems associated wi th the collection of
accurate, reliable and valid softwa re development data .

• Determine the data required to serve the needs of project
management and methodological research for software system
development.

2 
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• Investigate data co1~~.ctl on and data entry methods and tech-
niques that could be used to acquire data for the repository
on an ongoing basis.

• Determine the impacts of data base structure and data manage-
ment system functions on the softwa re data collection system.

To attain these objecti ves , the study determined the data needed to support a
variety of research areas and to support the effective management of a proj-
ect. The research goals that were considered include investigations of the
impacts of tools and techniques on programmer productivity and program relia-
bility , investi gations of the impacts of environmental factors on productivity
and rel iability , and investigations of the relationships of other indices of
program quality to project characteristics . Research was also done into proj-
ect management techniques and tools as well as defining the basic data re-
quirements of a project management system.

The Software Data Repository must interact with the data collection system to
accept and store these data, to protect the stored date’ from unauthorized
access or modification, and to answer complex queries and perform requested
analyses. The structure of the repository partially depend! upon the variety
and composition of the data. partially upon the adopted concepts of data
acquisition and storage, and partially upon research req~iirements.

1.3 GENERAL METHODOLOGY

The Investigation of software data collection problems tapped several sources
for the Identification and evaluation of problems and the prescription of
solutions to them. These Include:

• The literature

• SDC project managers

• Military program management offices

• Software data repositories

3
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The literature survey included books on programing management, programing
methodology and program reliability , plus papers from the technical press ,
milita ry and governmental repositories. Summaries of the previous studies
will be found in Volumes 2, 3, and 4. A ll references to mater ial used or
quoted are found in the bibliographies of the individual volumes.

The SDC projectmanagers wi th relevant experience were contacted personally and
via questionnaire. Milita ry program management offices of the three services
were contacted by questionnaire . The results of the questionnaire are
analyzed in Volume 5.

A conference was held at SDC whi ch included representatives from the proposed
RADC Software Data Repository, the BMDATC Quantitati ve Data Base and the USAF
Satellite Control Facility Computer Program Development Library . The pro-
ceedings of the conference are conta ined in Vol ume 6.

1.4 ORGANIZATION OF THE REPORT

The total report for this study is organized into a series of volumes and
appendices. This volume , Summary and Conclus ions , st~tes the problem , the
assumptions and limi tations upon which the study is based , and an executive
summary of the investigations and conclus ions of the study. References are
made through this volume to the other volumes that support the conclusions .

The volumes in the report series are:

Volume/OOl Summary and Conclusions .

This volume summarizes the study and encompasses the reconinenda-
tions that are made for the RADC Software Development Data
Collec tion System.

Volume/002 An Analysis of Software Data Collection Problems and
Current Capabilities.
This vol ume addresses the current state of the art in software
data col l ection . It looks at the diffi culties that surround
the collec tion of rel i ab le and va lid data, including the standardi-

4
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zation of measurements and developer reluctance to release data.
It also examines current military data collection practices and
the potentials of the automatic data collecti on tools that are
under development. Operations management of the data collection
facility is consi dered .

Vol unie/003 Data Requirements for Productivity and Reliability
Studies .
This volume reviews the studies that have been done in the areas
of project and programmer productivi ty, software reliability and
other indices of program quality . As a result of the review ,
augmented by the other activities and analyses conducted by the
project, requirements for the parameters necessary to study this
phenomena are derived. Detailed description of data items is
relegated to Volume 007, a Compendium of Procedures and Parameters .

Vo l ume/004 Data Management System Interface .
This volume reports the survey of data entry and data management
methodology conducted to define the interface requirements that
exist between data acquisition and the data storage. Requirements
for data entry formatting and processing may be derived from this
survey.

Volume/005 Survey of Project Managers.

This volume reports the results of a survey of project managers
and military program office personnel that was conducted to
isolate problems and data requirements.

Volume/006 Proceedings of the Data Collec tion Prob lems Conference .
This volume reports the results of an SOC sponsored conference
attended by personnel associated wi th three software data reposi-
tories on the probl ems associated with software data collection
and potential solutions .

5
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Volume/007 Compendium of Procedures and Parameters
This volume is in essence an appendix for Volume 003. It con-
tains descripti ons of data parameters , proposed data base
structure, and data collection forms and instructions. The

forms and data base elements were deri ved using --cri-teria of
collection priority and of the principles of modularity, including

“internal strength” and “relative independence” as well as size

limi tations.

Volume/008 Glossary of Data Collection Terminology

This volume consists of a glossary of the terms used in the above

reports. The glossary does not seek to repeat defini tions of most

commonly used data processing terms, but only those pertinent to

these reports.

6
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2.  ASSUMPT IONS AND L I M ITAT IO NS

The recommendation s for the data collection study are based upon several
assumptio ns Loncern lnq the structure and organization of the phenomena to
be measured , the aims and concepts of operation of the proposed data
repository , and the problems inherent in collecting reliable and valid data
from a software development project. These assumpt ions were not “given ”,
but were developed during the study and formed a major portion of it. These
assumptions govern the design alternatives available to the software data
collection system and the content and structure of the data requirements
that have been developed .

2 1  SOFTWARE ..YSTEM DEVELOPMENT CONCEPTS

An understanding of the nature , composition and functioning of the software
development process is necessary if a thorough analysis of information
requirements conduc i ve to the understanding, control and improvement of the
process is to be accomplished . This understanding is advanced through the
adoption of a series of models of various aspects of the softwa re develop-
ment process , including:

• Process control model

• Project environment model

• Software development life-cycle model

• Work Breakdown Structures
- Product configurations
- Function configurations

• Management control models
- Conf iguration management
- Performance 

management7
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2.1.1 Controlling the Developmental Process

In terms of a software development system , software data collection operates
at two levels: 1) the leve l of direct management control ove r the develop-
mental proce.s; 2) the higher level of performing methodological research
to improve the software development process itself. (See Figure 1). At
the management “qua l i t y  assurance ” level, only that information is necessary
that enables the manager to ascertain the quality of performance of the V

software product. The efficiency of the total process may be of some
interest , but the day-to-day control of operations is primary .

At the system “quality control ” level , more far-reaching information is
necessary . The software development system must have operated enough times
to obtain a stable estimate of its average performance and enough manipula-
tion of the system must have occurred to understand the infl uence of
manipulations upon its behavior. For management control purposes , “black
box ” measurement is adequate ; for quality control purposes , the internal
operations of the system must be known so that they may be improved . In
short, although quality control may not need as frequent or as fine infor-
mation on the immediate operations of the system, it needs additional
measures on product quality, system perfo rmance and the effectiveness of the
management control process that the ‘quality assurance ’ level does not need.
Insofa r as the accumulation of these additional measures fo rms a burden on
the project , project resistance to their collection may be expected. Since
the precision and accuracy of measures for one use diffe r from those for the
other , some problem exis ts. On the other hand , there is great overl ap in the
information to be collected for the two purposes and it would be inefficient
to use dupl icate data collection systems if one will suffice .

2.1.2 Project Environment

There are a great many forces in the env i ronment of software deve lopment
projects that infl uence their performance. If an assessment of that perfor-
mance is to be made, Information about these forces is necessary. Figure 2
depicts some of the classes of information required.

8 V
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The internal composition and organization of the project strongly reflect the
impacts of the other forces. Evaluations of the suitabi lity of the
composition and organization in meeting the demands of these impacts may be
the basis of interesting investigations. Internal managerial , working and
communication relationships are also of interest.

The external environment for the project consists largely of higher manage-
ment , project monitors , user organizations and subcontractors. Contract
provisions set working conditions. Relations with the customer and wi th
subcontractors can materially affect the amounts of communication and
cooperation that is experienced in getting information , getting concurrence
and arriving at decisions. The closeness of supervision by both management
and project monitors infl uences project behavior , and there may be many other
implications for relative project success in its relationships with its
environment , not the least being the project reporting requirements that this
study seeks to define.

The primary determi nants of the size and composition of the project are the
size ,.complexity and difficulty level of the software to be produced. Well-
understood, simple programs demand much less of the project than do programs
requiring innovation s, high performance criteria and complex interactions.

The primary determinant of the ease and efficiency with which the project
meets its work requirements is the level of the resources availabl e to it.
Resources include the full range of manpower , equipment , work facilities ,
tools and techniques , stores of information , and numerous other items and
services that it takes to perform the software development job. There Is

a great deal of information that can be gathered about resources. Manpower
alone has many attributes such as various skills and skill level s, training,

exper ience , and knowledge of the application area and of the customer that

might Infl uence how well the project meets its requirements. The speed,

power and capacity of the computer and the conditions of use certainly

affect efficiency, as does the conven ience and comfort of the working facility .

The tools and techniques , both manual and automated, also contribute to V

project effectiveness. Methodology evaluation Is somewhat intangibl e, as Is 
V
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an evaluation of the customer-suppl ied Information available to the project
In doing Its job. Studies using the repository may provide the service of
placing such evaluations on a more objective basis.

Perhaps of more importance than the absolute values of the various environ-
mental parameters is the relationships between them. If resources are not
adequate to meet the demands of the work , stressful conditions result. If
time and dollars are short, if there are too few people availabl e or if their
skill level s do not meet the demand for innovation , if there is not enough
computer power or time availabl e , if the customer makes unreasonabl e demands
and puts pressure on for deliveries , performance may suffer. No stress may
be equally debilitating. That is , some pressure and some challenge is
desirable to motivate the project. The challenge for repository studies is
to find the points of equilibri um that lead to superior project performance,
optimal product quality , and effectiveness in allocation and expenditure of
resources .

2. 1.3 Software Development Life-Cycle Model

Although current philosophy of a top-down approach to software system V

implementation has complicated the issue , there is a more-or-less standard
model of the software system development process that is assumed for most
studies. Although - the model is subject to both some compression and

expansion depending upon system size and difficulty , the closeness of
managerial control des i red , and the vantage point of the analyst , it is
generally accepted that the system development model involves a requirements
analysis phase; a system design phase , normally divided into preliminary and
detailed design steps; a coding and debugging phase; an integration and test
phase; and an instal lation phase.* An expansion of this model is shown in
Figure 3. Here the developmental phase is a portion of the entire life-cycle

*The Guidelines for Managing Information Processing Systems, USGAO ,
compressess this process considerably by viewing it from the viewpoint
of total system development, includi ng lengthy system concept formation
phases prior to the allocation of functions to a data system. Willmo rth
in System Programming Management expands each phase Into a set of sub-
activities and decision points.

12
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of a system, and software development is a portion of all developmental
activities for a system. The conceptual or system definition phase that
precedes software development defines the operational requirements for the
system incl uding those for subsystems. After development , the system is
expected to have a lengthy operational life during which it must be remodeled —

to meet new or changed requirements, refurbished to incl ude more advanced
technology and/or remove inefficiencies , and corrected for the errors that
show up during operations. In between these phases are the developmental
phases.

The model presented in Figure 3 has a number of features that have implica- 
—

tions for a data collection system. First , software development is broken
into a series of phases. Second , each phase resul ts in a set of products .
Third , the phase is ended by a formal review of the software products for
quality and conformance to prior specifications. Fourth , if the proposed
system content and structure (said to be a “representation ” of the system
at that point) pass the rev iew, the representation forms an approved basel ine
configuration . Any proposed change or deviation from the baseline must also
be reviewed , and , if approved , becomes an integra l part of the system defini-
tion at that stage. Fifth , there exists a definite mechanism over and above V

the developmental project for certifying the software configuration ,
approving and directing the inclus ion of changes (both functional and 

V

structural), and veri fying and directing the correction of errors.

2.1.4 The Work Breakdown Structure

Al though the life-cycle model is sufficiently general to cover all software
development efforts, measures based on such coarse categories are too
granul ar for close control or clea r understanding for large projects. A
model. used on military contracts to decompose the developmental job into a
more manageable task Is the Work Breakdown Structure (WBS). As depicted in
Figure 4, the WBS factors the total system into major subsystems and sub-
components , relates these to functional operations (e.g., software develop-
ment phases), and ties the phases to finer , Scheduled work packages or major
tasks. This model essentially ties together the project in terms of its

V organizational elements and the two major aspects of project performance:
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products and work . Two other aspects , the quality assurance program that
evaluates the quality of products and work and the managerial functions that
controls the operations of the project , differ only in intent from other
functional operat ions . They , too , have products and work and may be evaluated ,
but largely in te rm of their effec ts upon the products and work of the
other functions.

These interl acing hierarchies of organization s , products and work normally
form a matrix against whi ch expenditures of time and manpowe r and other
resources are planned and recorded. This structure wil l  be used to organize
and inter re late project performance data items in this report .

There is a hierarchical nature of structure s , and it is necessary to select
an appropriate level for reporting. Organizations , for instance , may report
only from the top, i .e., as a single undivided project , or as subelements ,
i .e . ,  teams , groups , or individual workmen . For a project monitor or top
m a n a g e m e n t ,  knowing how the proj ect is perfo rming may be a sufficiently
detailed report , but for a team leade r , individual performance is important.
Some research question s may need detailed reports obtainable at particular
1 eve] s.

In the WBS in Figure 4 , the product breakdown is the dominant factor.
Actual ly,  since this decomposition is for a total system , one would not
normally break a softwa re system into so many specific elements at proje ct
init iat ion . That is , the objective of the perfo rmance requirements analysis
is to decompose requirements into their essential operational elements,
v ’hercas system design regroups these into data processing elements that cut
across requirements. Once defined , whether a logical element (i.e., function )
or physical element ( i .e . , program module), it is the function of confi guration
management and quality assurance to ensure the integrity and completeness of
the successive representations. For the purpose of this study , only a

minimum number of system product levels ha ve been defined . Although much
finer diffe rentiation is possible , the levels that are proposed are :

16
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System: An organized set of software modules and/or subsystems ,
data base elements , and user procedures created to
perform a set of speci fic functions.

Subsystem: A subordinate system consisting of one or more interacting
modules , usually capable of operati ng independently of ,
or asynchronously with , a controlling system. More
than one level of subsystems may exist , but are not
normal in a software system.

Module: A software entity that is discrete and Identi fiable with

V 
respect to designing, compiling, loading, arid combining
wi th other modules. Several levels of modularization
may exist.

A similar situation holds for the organization of work . On small projects ,
a breakdown by project phase may be fine enough but a finer breakdown is
often desired. In structuring data for the repository, this study makes
provision for receiving data at several levels of detail. The proposed
levels are:

Project: All the work of the project as a single entity .

Phase: One of the recognized developmental phases of a software
development project : analysis , design , code, test .

Task: Normally, any developmental phase involves several lesser
tasks , some of which may be coterminus with the phase ,
or breakdowns of it , and same of which may be indepen-
dent of project phasing .

Activity : A major task that is usually broken into several subtasks
or activities , which in turn may be broken into

- further subtasks .
Job: A single sustained effort or operation , usually of short

duration, such as a program compilation or preparation
of a report, usually scheduled and budgeted as a class
or as part of an activity , but not planned for a specific
date or frequency of occurrence .

17
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In planning and performing work , work elements (all wo rk breakdown entities)
receive a schedule and a budget (resource allocations). In practice , these
are not always isomorphic with organizational , product and work structure as
implied by Figure 4. That is , account numbers may cut ac ross rather than

V being specific to a given product, organization element and task. Provisions
must be made for this contingency but a standard structuring is desirable.

2.1.5 Performance Control

The objectives of management and quality assurance are to ensure the
efficiency and quality of performance. Performance is evaluated by comparing
the following values that are established for all i tems reflecting project

V 
perfo rmance :

a. An estimated, projected or planned value established before the
work is performed. This value is input initially and/or
updated periodically, depending upon the reporting period .

b . An actua l , real or experienced val ue establ i shed after the work
is performed or as accumulated to date , depending upon the
reporting period.

Although it is reasonable to evaluate the quality of work, quality assurance
usually deals with product quality evaluation . For the software confi gura-
tion (product breakdown ) this evaluation consists of comparing the current

V representation being reviewe d to the past baselined configurations , including
all changes and corrections that have been officially incl uded in baselined
representations . The configurations may be represented by listed and
annotated elements , by detailed speci fications or by actual programs and
manuals. Deviations (errors) may be detected during formal or informal
review or test or during operational use . Both the deficiencies and the
corrective actions must be recorded along wi th costs and elapsed time if
appropriate reliability and quality information is to be collected.

Efficiency of performance is normally assessed by noting de~nations (var iances)
of actual performance time and costs from those planned. Both for products
and work , howe ver , derived measures are often more interesting . That

18 
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is , reliability and maintainability are more meaningful data than raw
error rates , and “value ea rned” is a better index of perfo rmance than
schedule and cost vari ance .

2.2 REPOSITORY OPERATIONAL CONCEPT

The manner in which the Software Lata Collection System is to be used will
be decisive in determining many feature s of the sys tem. First , the system
may be useful for both project management and for methodology research .
Second , the information in the repository must be equally available to all
qualified users . This requirement has serious implications concerning the
privacy of the data and the desensitization of the data prior to its release
to users . Third , the system may be in existence over a period of years in
order to acqui re sufficient data to permi t reliable comparisons to be made .

.1 The data processing industry is still in a period of rapid growth and tech-
nological change and evolution of the repository may be considerable ove r

-
V 

the years . For instance , at the onset of the repository operation it may be
technically feasible to collect only a subset of all the data that mi ght
be desirable. As collection techniques improve , as they might well through
further instrumentation of production tools , greater automation of the soft-
ware development process , better monitoring tools, and further product
evaluation s tools , many more variables (and a much greater data volume)
mi ght have to be added to the data base .

The system must be flexibl e in adj usting to user turnover , di fferent modes
of interaction , and unforeseen research demands.

2 .2. 1 Project Management

The data collected must support the needs of project management even though
it appears that no direct support of project management is to be suppl i ed by

the repository. The basic goals of project management are to:

• Form and maintai n adequate plans for the conduct of the
project and for the definition of the product.

• Acquire and deploy personnel and other resources sufficient
to achieve the plans.
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• Monitor perfo rmance to insure that p lanned performance goals
are being met.

• Adjust plans and redeploy forces if performance is unsatisfactory 
V

or exceeds expectations.

• Provide a stable and certain working environment in terms of
controlling excessive change to work plans , product pl ans, and
resource utilization , e.g., personnel turnover and reassign-
ment , while using wel l -structured control procedures and
decision mechanisms .

• Deliver the promi sed product on time and within budget.

As the project team level , control is exercised day-by-day if not hour-to- V

hour. For larger projects engaging a hierarchy of teams and specialized
organizational units , management may not require as fine planning, monitoring
or controlling. Top management and customer program management offices may
need even coarser information . Individuals and corporations resist providing
any more operational information than is strictly required. More is regarded
as non-productive and an invasion of privacy . The level of detail submi tted
by the project to the repository has been a prime concern of this study .

2.2.2 Research

The data collection from parti cipating software development projects must
support the needs of basic - research into programmer productivi ty, program
reliability and the software development process. Note that much of the
environmental information that a research program may require for valid
comparison of projects is “given ” for the individual proj ect and would not
be recorded unless a special effort is made to collec t it. Al so note that
much of the close surveillance data needed for management control may not
be pertinent to a research program. Many of the items that a researc h study
might  want to know , such as the number of day-to-day probl ems , the rigidity
of enforcement of technical and managerial standards , and/or the particular
employement of tools and techniques to solve a problem or do a job, are lost
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in the daily conduct of business. In view of organizational resistance to
the collection Of data beyond that necessary to conduct the the project
operation , there must be extra motivation , as in the conduct of an experi-
ment, or extra compensation to pay for the data collection effort. Coercion
may be exerted but is likely to meet with resistance, if not active sabotage ,
falsification , and evasion .

2.2.3 Desensitization, Pri~~çy, and Security

The data collected for research purposes must be availabl e to all qualified
users , but must not yield information sensitive to a particular supplier.
Since anonymity cannot be realisitically applied to data gathered for project
management purposes , either some means of desensitizing it must exist before
entry into the publicly available store or security measures must be
exercised to prevent unauthorized access to proprietary and sensitive
information . Since adequate guarantees of absolute security cannot realisti-
cally be advanced now or in the foreseeable future, it woul d appear that
prescreening , filtering or purging of sensitive information must be done in
advance .

The data base must also be protected from unauthorized and even malicious
alteration . That is , persons should not be permitted to enter false data
nor to alter , without special permission , data already stored . Some prov is ions
for change must be made to correct errors in data entry and/or to accomplish
any purging, sunmiarization or other processing that the data base administra-
tor might need to do to preserve anonymity or remove undesired data.

A configuration that offers a reasonable degree of privacy is to buffer all
requests for information from the repository through a support facility at
the repository. Data entry might still be done automatically but users would
not be permitted direct access to the data . Instead, all requests for service
would be submitted to a group of analysts who would be responsibl e for

-. ~~~~~~~~~~~~ :~ I~~~~~~
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ensuring the desensitization of the data before release to a requesting
organization. Another alternati ve would be to provide a desensitized
research data base that could be availabl e for public access.

2.2.4 Growth Potential

If data is gathered over a period of years from a large number of projects
and if the voluminous data generated by automatic tools is stored, a very
large data base will accumulate. Since the data processing industry is still
growing rapidly as ever more appl ications are found, and since continued

technologica l innovation may be expected to create even more automated tools,
an even faster growth rate must be expected.

Further, as the volume of data grows, the variety of data types will also
expand. The initial data set may be a conservative one due to both technical
and economic limits on col lection capabi lity. However , the desire to
investigate new research areas and the development of new technology may
introduce new data types. Data rejected as infeasible in the initial set
may readily be economically available as new collection technology is
Introduced.

Therefore, both natural growth and the development of currently unforeseen
demands require the data collection system and the repository to be able to
support a much higher level of activity than it initially expects .

2.2.5 FlexibilIty

The data collection system and repository must be flexible to meet new and

varied demands. It is expected that the Software Data Repository will be
maintained In a central location and will initially reside In a Honeywell 6180
computer. Data will be entered into the repository from software development
projects performed internally by USAF personnel and externally by contractor
personnel. Projects will be located throughout the United States and may

also be located on foreign soil. The precise number of projects, their likely
duration, locat ion, size and intent will vary as projects start and finish
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and new contacts are let . Data from some projects will reflect experimental
use of advances in techniques and methodologies that include new data types.

Flexibility is also needed because of the changing data requirements. Unfore-
seen research requirements , new analyses , and new treatments of data will
evolve . There may also be shifts in policy concerning the data that is
collected ; for instance , a class of data may prove to have little or no
relativity to productivity or program quality .

In view of the managerial and desensitization issues stated above , there may
be a requirement to support project-specific subsets of data, and/or a
special project may require, for security reasons or to avo id contamination
of the larger data base, special subsets of data. Hence, a flexibility in
meeting new requi rements, situation s, and modifications is required of the
data collec tion system.
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3. DATA COLLECTION TECHNOLOGY

The design of an adequate software data collection system is contingent upon
the understanding of the current technology in data collection , storage and
retrieval , and upon appreciation of some of the problems and issues inherent
in such a data collection system. Based upon the models reflecting the
scope and environment of the software development process discussed in
Section 2, the study examined , first, the problems that are encountered in
acquiring rel iable softwa re production data; second, the techniques that are
currently employed to collect such data for military software development
projects; and , third , the opportunities for improvement that might lie in such
automatic collection approaches as software implementation monitors.

The guidance to be had from these studies can then be applied to the develop-
ment of data collection procedures, reporting formats, data types and
analytic techniques.

3.1 PROBLEMS OF DATA ACQUISITION

Data col lection has , and will continue to encounter, some ser ious problems
that cause software development data to be inaccurate, unrel iable or have
doubtful validity . One objective of this study was to investigate the
impacts of these problems and to suggest solutions to them. To assist in
this analysis, the project (a) searched the literature for previous studies
of data collection problems, (b) included many queries concerning such
difficulties in the survey of project managers, and Cc) in December 1975,
held a conference Of persons associated with the proposed RADC repository,
the USAF Satellite Control Facility repository, and the Army Advanced
Technology Center repository to discuss data collection problems.

As a result of the literature survey covered in Volume/002, of the project

manager survey in Volume/005, and of the conference in Volume/006, the

principle problems facing a software data collection system are:
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• Mensuration di fficulties

• Instrumentation effects

• Unreliability of measures

• Reluctance to release data

• Cost factors

• Systemic problems

3.1.1 Mensuration Difficulties

The problems of mensuration are classes as (a) measurement, (b) instrumen-
tation and (c) interpretation. Measurement involves determining what informa-
tion Is needed concerning the compl ex of project activities, products,
rev iews , resources and management controls delineated in the previous section,
and defining the measures that may be taken to derive that information. A
huge number of measures coul d be taken; however , not only is too much data
costly to collect and analyze , but much of it may be of questionable pertinence. V

Collecting data just because it is readily available and/or cheap is not
sufficient; it must be reliable and useful . The problem is to define a set
of data that is possible to collect and that is useful to management and that 

V

will support research projects. The main objective of this project Is to
define such measures.

Instrumentation Involves the when, where, and how of data collection - the
insertion of probes into the process to be measured. The measurement method,
the frequency of recording, the time and location of collection, the
fineness of detail, the organizational level and the filtering and combining
of data in collection are among the instrumentation problems addressed in
this study. The principl e objectives are to obtain measures that are as
objective as possible and that interfere with the software development process
as little as possible. The ultimate method is completely automated collection ,
but practical considerations require that much more subjective , intuitive
measures be accepted .

25
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Interpretation involves determining the meaning , value and importance of
the measures in evaluating project performance and product quality . In short,
assigning weights to the measures for various purposes. While a great deal
of attentior was given to the meaningfulness of measures in the compilation
of reconinended and potential measure s , exact wei ghts depend greatly upon
eval uation goals and situational factors. Except for collection priority ,
reconinendations concerning the importance of the measures are not made.

3.1.2 Instrumentation Effects

The act of measuring can infl uence the behavior of the process measured, a
phenomenon known as “Heisenberg Effects”. The motivating effects of knowing
that one is in an experiment that causes participants to work harder and
perform better are called “Hawthorne Effects ”. In short, whether the V

instrumentation has a deleterious effect such as consuming working time or
irritating workmen by its interference or a facilitating effect such as
creating additional motivation , these effects destroy the comparability of
measures taken under one condition to those taken under another.

Feedback effects from knowing the results of evaluations probably cannot be
avo ided , but not knowing the results may also infl uence behavior. Although
it may not be possible to avoid all effects, they may be minimized by
col lecting standard, objective data with as little fanfare or interruption
as poss ible. Hence , the more automation and the more observations by indepen-
dent auditors that are used the better. In order for measures from different
projects to be comparable, they should be taken under equally biasing or
motivating circumstance. Emphasis should be placed on evaluations of
del iverable products and observabl e events that can be made without inter- ‘

ference with the software development tasks, rather than on preparing reports
and justifications of current status.
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3 .1.3 Un rel iabi l i ty of Measures

Without re l iable measure s, measures that mean the same thing each time they 
V

are taken , valid predictions and valid comparisons cannot be made . Although
subjectiv ity and inaccuracies contribute to error variance , the principle
proble m in def in ing the measures to collect lies in a lack of standardization .
Dif f e rences in the measures col lected arise from non-standard termi nology ,
d~ f f ~- r~ rig def ini t ions of measures , diff erences in the collection procedures

~ i’I CO ndit iOn S , and variat ion in the organization and functioning of the
s oftw a re development fac i l i t y  and process that are measured . (Project
c l i f f e re m e r  and var iat ions in the data collected are seen as the most univer—
sal bar to soft mare methodolo gy research by project managers. )

Iwo approa ches are possible to attaining more reliable measures: standard —
i z t t  ion and factorizat ion . Standardization seeks to control variation by
hold nq everything constant; factorization by measuring the factors that
cause var ia t ion and trying to account for, or partial out, their effects on
the measur es .  In this study , both approaches to more reliable measures are
taken . Standard measure s are defined and standard terminology is used and
advocated. On the other hand , the study cannot force all projects , data
col lect ion methods , and environmental conditions into a single mold and
indeed it is undes irable to do so. Hence , the study reconinends collecting a
considerab le ~iumhe r of measures of envi ronmental conditions both for the
project and for the measurement conditions. As much subjectivity as possible
wi l l  be removed from the measures; that is , obje ctive measures will be
defined where possible , but some measure s will continue to be subjecti ve
ratings .

3. 1.4  Reluctance to Release Data

Resistance to management control , as evidenced by a rel uctance to provide
information on project perfo rmance at a l l  levels of management , is an almost
universal prob lem . Control systems are seen as coercive and threatening (and
often are ) , evoking resistance behavior that varies from reluctance and
reduced cooperativeness to outright falsifi cation of data and sabotage of
the col lect ion system. Proj ect personnel feel their pri vacy is being
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invaded and that punitive measures will result from coninunicating bad news .
Corporations are equally rel uctant to invi te punishment and fear that
proprietary information and trade secrets will be revealed . Very real
problems exist in obtaining honest data if heads roll as a result of giving

it.

There are some suggested procedures for minimizing resistance ; while
effective when performed by project monitors and managers , it is di fficult

to ensure their effectivity by any data collection system however well  designed.
The members of the development project shoul d understand the goals of the
data collection effort and the utility of each measure . To the greatest
extent possible , the project members should participate in the setting of
project goals, and at the least should know what is expected of them and what
the rewards and punishments are for meeting or not meeting those goals.
Reporting errors and performance variance should not be a finger-pointing ,
bl ame-assigning process, but rather an effort to sol ve problems , avoid
trouble and improve the tools and techniques used in performing a project.
To the extent possible , projects and project members should be absolved of
personally reporting information that would reflect, favorably or unfavorably,
on their performance. That is , reporting should be as automatic and as
impersonal as possible.

Obviously, these are measures that seek to make the data collection system as
non—threatening and as objective as possible. It is equally obvious that
the measures depend upon the project monitor and the management of the project
to initiate and carry them out. Not all managers are equally skilled in
doing so and many managers believe that the only effective management is
tough-minded and coercive, punishing any infractions with decisive action .
Unde r these c i rcumstances , even though project performance may be improved by
the strong management , reporting data may be expected to reflect the efforts
of projects and project personnel to avoid punishment.
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3. 1.5 Cost Factors

Al though the overt costs of a formal project and configuration management
system are quite small (estimated generally at 3% of project costs), the
hidden costs in terms of project member time to prepare reports and of
interference with technical work may be much larger. Disruptions to the
train of thought may not be as serious an interference with project progress
as is the time taken away from work and the irksomeness of preparing reports,
but 10% of the project managers surveyed thought it did occur. For the data
collection system, gathering research data is seen as over and above that
necessary for the management of the project. Project resistance to incurring
the additional expense in project interference and extra effort may be
expected. V

Two general actions may be taken to counter the costs of data col l ection :
first , actions to minimi ze the costs, and second , di rectly defraying the
costs via contract coverage . Automation , standardization and more granular
(coarser) data are seen as ways to reduce costs. Di rect coverage of data
collection costs in the contract not only pays for the extra effort involved ,
but provides motivation for reporting and removes much of the rel uctance to
do so. Independent audi t and data collection agencies and procedures may
not only reduce the degree of interference wi th the technical work but may

increase the objectivity of the measures. Some of the costs and frustrations
encountered in data collection are engendered by lack of understanding of
data collection goals , measures and procedures. A standard , well-understood,
widely-used system would not only make reporting easier , but reduce
frustration and data unreliability . Automation may yield a plethora of
cheap data , but is itself expensive to develop and install in a diversity of
projects. Further , most automated data collection is very fine grain and
specific to a problem and not generally pertinent to project performance.

However , increased mechanization of data collection through project monitor
systems provides a sort of automation that may be expected to spread.
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3.1 .6 Systemic Problems

There- -are several other problems that a- - ~ inherent in the normal behavior
of systems. These incl ude delayed responses, filtering effects, averaging
and sumation , forecasting efficiency , and stability .

Time delays occur between the occurrence of an event , the reporting of the
event , and the reaction to it. Inappropriate response may then be made to
situations that have already been corrected or grown worse. This delay
can be minimi zed by maximizing automation .

Information that passes through several level :an get distorted by averaging
or interpreting. As much objectivity as poss aule should be sought and
algorithms should be used for combining, fi l tering , and averaging data to
remove personal bias.

Instability is caused by personnel turnover , requirements changes , and

incorrect responses. This is a problem without an obvious solution . Inter-
pretation of data must be done with the knowledge that the system measured
is not static. -:

Forecasting is not an exact science . For best results , planning and fore-
casting should be iterative . Contracts of the Cost Plus Award Fee and Cost
Pl us Incentive Fee types allow cyclical reestimating and provide an
incentive to complete the job within a reasonabl e time period .

3.1 .7 Problem Suninar~
The degree of seriousness of the problems depends in part on the types of data
collected. For instance , in the Survey (Volume/005), it was found that
managers were most reluctant to release cost data and most willing to release
software probl em data, i.e., change and error statistics . Performance and
productivity data , including software quality evaluations , were deemed the
most useful measures for man agemen t, but were also deemed most subject to
the distorting effects of optimi sm, bias and subjective processing during
reduction for suninary reporting .
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Al though rel uctance to release data that might reflect negati vely upon
project performance and general resistance to managerial control are univer-
sal problems for which there is currently no apparent final solutions , the
answers to other problems found ir~ more objective measurement and standard
practices also serve to alleviate resistance. A standard , well-established ,
well-understood data collection system - procedures, formats and measures -
not only provides project comparability for research but also improves
data integrity and reduces the costs of collection .

A detailed discussion of these factors and their impacts on software develop-
ment data collection will be found in Volume 002 of this series ,
“An Analysis of Software Data Collection Problems and Current Capabi lities.”

3.2 CURRENT DATA COLLECTION TECHN IQUES

In general , military standards, regulations and directives provide for a ful l
range of project performance and configuration management practices , but do

not specify specific standards. Instead , many standards , procedures,
and reporting forms to provide the desired level of control are established
either by contractor , project management plans or program office di rectives .
Consequently, a considerable range of software data collection practices
exht over the full scope of military software projects.

In studying the implications of current data col l ection practices , SOC
reviewed not only such military standards as MIL-STD-483 and AFR 800-14,
but more detailed procedures from project management plans , plus instructions
issued by software acquisition and maintenance agencies . The results of
this investi gation covering reporting practices for performance measures,

confi guration control , documentation practices , and product quality

reviews are reported in Volume/002. Numerous exampl es of spec ial reports
and data collection forms are given there.
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3.2.1 Environmental Characteristics

No explicit data items describing a project are specified for collection by
most projects except estimates of systeni size and resource requirements . In
the past , research into the impact of such environmental factors as customer
relations , familiari ty wi th the area of appl i cation and the customer, project
organization and personnel mix , had to depend upon retrieval of this infor-
mation  from project plans , contracts and progress reports , or from the
personal recollections of participants. Since many projects diverge
from their original imp lementation plans and since after-the-fact estimates
frequently reflect much strong feeling and bias , these data have been found
to be highly unreliab le , as well as answering no definitive ~iestions
concerning envi ronmental impacts. So far as research support is concerned ,

this is a serious deficiency in current data collection practices .

3.2.2 Project Performance Characteristics

Military practices in the collection of project performance characteristics
were found to be, in general , more well-rounded than most commercial practices .
The basic approach is through Work Breakdown Structures (WBS) and Resource
Utilization reports. The WBS uses both a product breakdown (configuration
Items) at top levels and task (for functi on) breakdown at lower levels to
help structure and organize perfo rmance reporting. Functional tasks are
assigned to organizational elements and the account numbers used in reporting
are tied to WBS element identification .

Unfortunately, not all projects use WBS to structure and organize accounts
Reporting is often confined to the top level configuration items , entailing —

much sumarization of data with attendent ambiguity of detail. As used ,
the WBS also tends to be somewhat awkward and inflexible (difficult to
change). That is , -it does not refl ect the changing configurations in
successive system representations. Also , if the initial WBS is very detailed
it may represent premature design decisions that can hamper both progress
and reporting.
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At one time , PERT schedule pl anning and reporting was very strongly advocated
for military projects and is still recommended, but a more broader range of
performance reporting schemes are now advocated . Reporting frequency ranges
from monthly to quarterly; granulari ty of information ranges from major
tasks or functions to project phase and principle configuration items .
Hence, so far as data integrity is concerned , reporting delays and suninariza-
tion permit many systemic effects to operate.

Resource utilization , where used , is generally restricted to manpower
utilization reports, but computer time utilization may also be incl uded.
Unless otherwise required , most resource reporting is given as dollar
costs. Even where required , reports tend to give actual utilization for
past performance and projected utilization for future estimates. Unless
historical records are kept , it is difficult to compare actual to planned
performance. Although some contrary examples were found , projects seldom
collect resource expenditure s against system modifications as reflected in 

V

engineering changes or error corrections.

3.2.3 Configuration Characteristics

Although several military agencies have specifi ed confi guration status
reporting requirements , the ful l range of reporting is seldom actually
requi red or enforced. Some agencies do practice strict configuration
controls (the USAF Satellite Control Facility , for example), but the
practice is not generally employed. Hence, although it is alleged that
high change rates and “soft” base li ne control are frequent causes o~~cos t
and schedule overrun , actual statistics are not widely available. For most
systems, provision is not made to accumulate error reports into configuration
status reports, and reliability studies are usually done outside the regular
status reporting system - that is , they are special efforts.
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3.2.4 Quality Control Data
V 

Quality control for militar y software projects is exercised through a series
of specified reviews, audits and tests. Reviews and tests normally establish
the excellence of the product and basel ine its configurational content and
structure. For research purposes , it would be desirabl e to have records of
all alleged discrepancies detected during a review and some history of their
processing and disposition available. Some projects do publish review minutes
and/or action items and many use software problem reports (error reports)
during integration and system testing, but normally these are present only
i-f the testing is done by an independent test agency.

Al though test documentation tends to be fairly formal . providing a firm
basis for issuing an error report (failure to meet a test), review cri teria
are not often formally stated. Hence, reviews tend to be qui te variable and
subjective, resulting in noncomparable data.

3.2.5 Suninary of Current Military Practices

While it -is true that there are a large number of military standards , regul-
at-ions and instructions dealing with project administration and configura-
tion accounting , actual utilization and enforcement of the recommended
practices is often lax . There is a relatively low level of standardi zation —

in the data items, report formats, and reporting procedures. Approximately
the same software development model is used by almost all regulatory
agenc ies , but the many mi nor differences represent a major obstacle to basing
a software data repository on current practices. In order to build a software
data collection system around current manual procedures, additional data
requirements woul d have to built into contracts, and standard report forms
and col lection procedures would be needed to deri ve a coherent set of data. -

Further , guides for both regulatory documentation and the proposed data
V 

collection system would be necessary to ensure standard interpretation of
regulations and standardization of the information col lected.
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3.3 DATA COLLECTION MONITOR SYSTEMS

In recent years , a number of data collection systems have been proposed and/
or developed . This study looked at several of the systems (both prepared or
in use), incl uding SDC ’s IMPACT and MITRE ’S SIMON, that employed data
collection monitor systems. While it is somewhat difficult to compare
systems that were developed with di ffering objectives and scopes of appl ica-
bility , it Is possibl e to make a comparative evaluation if current military
practices and this study ’s deri ved data requirements are taken as the criteria
for analysis. The detailed evaluation of these systems is contained in
Volume/002, but some of the conclusions drawn from this study is summarized
below.

3.3.1 IMPACT

IMPACT is a software data collection monitor designed speci fically for software
project management. Of the systems eval uated , IMPACT collec ts the most
balanced set of project control , configuration control and quality control
data. However, it col lects only a minimal amount of environmental data.
IMPACT is a very flexibl e and comprehensive tool , but using it to its full
capacity demands a staggering volume of input. The system flexibility must
be offset by detailed user manuals and examples. Automatic data acquisition
cons ists of a log of operations and computer t ime accumulated from the
program library executive.

3.3.2 SIMON

The SIMON system is geared to a somewhat more restricted model of software
development. Schedule control is aimed at project phases rather than
individual tasks; configuration accounting is aimed at individual program
modules and ignores most of the provisions of military configuration status
accounts. Although SIMON is geared to collect limi ted data for research into
factors affecting software quality , the l evel of detail seems insufficient to
support reliability research. However, SIMON does have an interface with
software production and analytic tools, obtaining such Information as system
structure and set-used tables . Complexity measures of software programs
will be an Important data set when adequately developed and integrated into
the operational system. 35
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4 3.3.3 BMDATC Quantitative Data Base

The Army Ballistic Missile Divisions Advanced Technology Center ’s Quantitative
Data Base has quite l imited research objectives, but is intended to provide
software development data from BMDATC associated contractors and the Advanced
Research Center (ARC) contractor. The limi ted project performance data
includes mandays and computer time spent by configuration item and project
phase. It records changes and error reports and tracks resources expended on
diagnosis , analysis and implementation of modifi cations. It al so gathers
module and test statistics , but does not produce configuration status reports V

per Se. Although intended for research on programing methodology , such
project envi ronment data is recorded independently of the established data
base and is consequently not available for automatic retrieval and analytic
work.

3.3.4 IBM Management Data Collection and Reporting System

This proposed system is oriented toward the IBM structured programing
software development model , and may not be applicable to investigation of
other techniques without considerable expansion . The information collected
is after-the-fact and not intended to support project management or configur-
ation control . The idea of successive baselined system representations
(configurations) is not obviously supported since milestones are not overtl~’
identified . Personnel assignments and schedule maintenance are not specified ,
and not moni tored by the system. No connection is made between products and
project activities , resul ti ng in a lack of data necessary to support
productivity analyses. Error statistics , module statistics
and modifications are collected , as in most monitor systems , but are not cast
in the military configuration accounting mold used by most of the projects
that will be supporting the RADC Software Data Repository.
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3.3.5 TRW Software Reliability Study

This research study had the very limi ted objectives of a detailed study of

software error types , techniques for detecting and di agnosising errors, and
improvements in software reli ability . Since the study is not concerned with

4 collecting other software development data, little can be said about the
overall adequacy of data collection wi th regards to the RADC repository. -f he
TRW study does yiel d insights into the benefits and costs of col lecting a
detailed sample of error data. Not only did an extensive classification of
errors result (perhaps more detailed than would be useful for most projects),
but so did guidance on collection and analysis procedures and interpretation
of error analyses. For reliability modeling, more extens i ve operat ional
information of the software system and more information on the types and
amounts of testing employed shoul d be col lected. As an indicator of the
amount of time and effort that must go into detailed data collection , the
study has real value . Data collection and analysis do have associated
expenses. This study gives an indication of the amount of effort required
to set up and administer a data collection system.

3.3.6 Evaluation of Software Monitors

While there is no one system yet availabl e that provides all the capabilities
that would be desirable to meet RADC ’s data col lection requi rements, the
software monitor approach is a valuable asset to a collection system.
IMPACT demonstrates the tremendous amount of data involved in the deta il ed
pl anning and control of a software development project. SIMON Illustrates

acquisition of data through the integration of the project monitor with

programing support tools, as does IBM ’s proposed system with the program

support library. The TRW Reliability Study illustrates the amount and type

3f work that needs to be done to properly delineate the range and organization

of each of the parameters involved in the study of software quality .

Al though there are major differences in the operating philosophies and

structures of these monitors , there is a large commonality in the data items
collected.
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This study concludes that one of the most effective ways of enforcing stand-
ardization of data items, collection procedures and reporting formats is
through a standard project monitor system. Much work remains to be done in
terms of the details of data base structure and content, integration with
program production library operations, and utilization of data obtained from
instrumented programing support and program analysis tools , but the ultimate
inclusion of project monitors in the software data collection system is
strongly recommended.

3.4 EVALUATION OF REPORTING FORMATS AND DATA TYPES

In addition to the data forms and report formats utilized by the various
project monitor systems and specified by the militar y standards and regula-
tions , this study evaluated packages of reporting forms used by several internal
SDC projects, some from the IBM Federal Systems Division , and by the structured
programing test project at Vandenberg AFB . As with the project monitors,

some of these reporting formats were intended for both research and project
management. Where the forms were intended for research , more environmental
data were col lected . However , these data collections tended also to be more
summary and after-the-fact than those intended primarily for immediate manage-
ment objectives. Al though the same classes of data were generally collected ,
the collection and report formats varied a great deal . If a viable software
data repository is to be real ized, standard reporting formats are necessary.

3.4.1 Environmental Data

Very little envi ronmental or project description data are col lected by either
project monitors, military program offices or any of the projects that the
study investiga ted, except the Vandenberg experiment. Hence, although these
are the variabl es that many investigators and theorists believed most
infl uencial in determining productivity , few specific environmental data
types are readily availabl e for application to the needs of the RADC data
collection system.
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Many of the data items associated with project envi ronment descriptions tend
to be subjective opinion and must be backed up by explanatory material to be V

understandable or comparable. In the area of customer relations, for instance,
listing the type of contract is an objective parameter, but evaluation of the

auality of requirements specifications , customer interaction , adequacy of

personnel skills , organization effectiveness and other evaluations of risk
and stress are quite subjective parameters.

Evaluations of the organization and constitution of the resources of the
project - personnel , machines , and program tools - are more objective
parameters. Skill levels , years of experience , and education are eas ily
identified , as are the kinds and numbers of machines and support programs.
Ratings of the actual adequacy of these resources in satisfying the needs of
the project, however, are much more subjective and their reliability is
questionable.

There is also some objective information that can be obtained about program-
ming methodology, such as the type of technique , where the technique was
applied in the development process, and the cost of acquisition and utiliza-
tion . Because of the divers ity of methodologies actually employed , a specific
use of a technique should be further described or the researcher cannot
determine the extent to which the technique or procedure was actually 

V

followed .

In most of the studies involving environmental factors as reported in the
literature (see Volume/0O3), the data gathered was after-the-fact reports.
To obtain a reasonable evaluation of environmental factors, one needs at

least an original estimate of what the project thought its environment and
resources would be and a final appraisal of the actual project attributes .

Since env i ronments are dynamic, it might also be profitable to obtain inter-
mediate estimates for those modules of data that are affected whenever major

changes occur. For current systems, very few of these env i ronmental parameters
are collected ; where items are collected , there is almost no standardization .
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3.4.2 Performance Data

Almost every system investigated col lected performance data of some sort.
While the information collected is similar - projected and actual schedule
performance and resource expenditures - report ing formats vary greatly. For
management reporting , the widespread use of PERT - type systems has fostered
a report format generally called a “management s.ammary”. In a management
summary, work activities are listed with scheduled start and completion dates,
or durations , an indication of actual performance in rel ation to planned
performance, and a positive or negative variance. Allocated and actual 

V

resource expenditures are also included with their variance . The schedule
performance is frequently illustrated with a chart that depicts the schedule
points. The activity data reported may or may not be associated with a
particular product .

Obviously, a management summary represents sumarized and processed data
whether produced manually or by a project monitor. Raw data -is usually
col lected from seve ral sources, including task orders , cost logs, computer
logs, and schedule reports. Task orders may contain prose descriptions of
the jobs to be done, or they may refer to standard tasks or portions of a
contract statement of work. For many projects, the tasks reported are of the
semi-standard project phases.

Since performance data is used for management control purposes , it is normally
reported frequently, such as wee kly for internal control and monthly for
external control . In some instances , direct eval uations of productivity in
terms of “value earned” (production variance divi ded by resources expended)
is calcul ated , usually translated into a common base of the dollar value of
the product and resources. If the production units are lines of code or pages -

of documents , a reasonably objective value earned is pratical despite the
likely variability in ‘value ’ due to product complexity and difficul ty.

40

- ---~~~~ -



- --V. _~~~~~~~~_~~• - V

3.4.3 Configuration Data

The relatively elaborate configuration control records and configuration
status reporting procedures prescribed for large development projects are
not often used by smaller projects. In general , even where formal engineering
change and discrepancy reporting procedures are used, modifications are
accounted for separately rather than associated wi th the products modi fied.
IMPACT is the only automatic monitor system examined that offers a config-
uration accounting capability , either against specification documents or
against identified configuration of functional , design and module represen-
tations.

The processing of proposed modifications (changes or error corrections) varies
from being a very formal system-the problem report or modification request
is submitted to a configuration control board clerk who assigns an account
number; logs it in the system; distri butes it for review or investigation ;
logs in replies; places it on the agenda of the configuration control board;
records the decisions of the board ; updates the official copy of the modifica-
tion request for any changes as a result of the investigation ; logs any change
of status that may occur in the processing of the request; determines the
product representation and version affected by the modification ; provides
change notice identifiers when the modifications to specifications , program
modules , and other products are available; and logs the release of the
modifications, including the version and mod identifiers of the particular V

products that the change affected. In practice, little of these activities
appears in official reports except the request identifier , the product

affected, the current status , and the change notice identifier.

If change control operates effectively, regular configuration status reports
will be issued, usually at monthly intervals. If intermediate status is

not kept, the only record is the request and notice of change. If a program

library operates, l ibrary listings of the program mods belonging to each

version and release of a system may be issued.
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At a minimum, the problem report proposing a modification and the change
notice giving the disposition of the request shoutd be monitored. In a more
elaborate system, cofltrol logs and status change (update) forms may be used.
All this information may be reported in configuration status and change
status reports, incl uding the official processing steps that are scheduled
and logged.

3.4.4 Quality Control Data 
- 

V

Little data is currently recorded for project reviews, for data reflecting
the scheduling and passing of reviews. For research purposes , it is V

necessary to have an index of product quality , such as the number of
deficiencies detected per product, and/or an index of the seriousness of the
deficiencies , such as the time to resol ve or rev i se the probl ems . Whi le some
projects do file problem reports, i ssue Action Items , or publish minutes
and comments, the general mode of operation attempts to avoid this process,
if possible.

Problem reports are quite widely utilized for product tests. Less commonly
used are records reflecting test case/procedure failed and/or the functi on
fa i led. In some instance as in IMPACT, provision is made for recording the
number of passes made at a test, the test results (pass/fails), and the
amounts of computer time expended.

Almost no instances were found in military proje~ .s or project monitors where
run statistics were kept on systems in operational status. Neither failure
rateF , mean time between failures or operational evaluation results enter
software data collection systems. Some systems do account for errors
detected and corrected and some record cost Information . However , the records
kept are not adequate to support a wide range of nellability research,
resulting in the need for every investigation of reliability to engage in a
special data collection effort .
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4. DATA REQUIREMENTS FOR PRODUCTIVITY AND RELIABILITY STUDIES

One of the central issues in this study has been to determine what data items
to collect to eval uate project productivity , program reliability and software
development costs. Obviously, it is impossibl e to foresee data that represents
all aspects of the software development cycle. That is , at some time there
may be a research requirement that encompasses a set of data items not
considered important to the repository currently planned . It has been
recommended that the repository remain flexibl e and extendable to encompass
such data in the event it becomes important.

For the most part, selection of the data i tems has been based upon the utility —

of the parameters for the specific research objectives stated above. While
some attention has been focused on the accessibility and costs of collecting
specific data parameters, these have been secondary considerations in determining
whether an item should be included in the col lection process. In determining
utility , SDC leaned heavily not only upon the literature , but upon priorities
of data importance established by both RADC and SDC personnel .

A discussion of the justifications for considering sets of related data
parameters are presented in Volume 003, Data Requirements for Productivity
and Reliability Studies. The recommendations concerning specific data
variables are presented in the Compendium of Procedures and Parameters,
Vol ume 007 of the Data Collection Study. A brief summation of the
investigations leading to the data requirements recommendations is
presented below.

4.1 PRODUCTIVITY ANALYSES

The growing field of- software development, which is involving all aspects

of daily living and demanding ever more expendi tures for the production

of software, has focused wide attention on determining the factors that

impact individual and joint productivity . Many studies in the past have been
undertaken to Identify factors relating to productivity with the result that

a myriad of components are felt to be important contri butors to productivity
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and performance. For the most part, productivity involves human factors
that are not only difficult to define but also to measure. Productivity
Itself is defined in various ways, further complicating attempts to measure
it. The costs of developing software are currently estimated at $l5-20
per line of code (with even higher rates for complex systems), while the
reliabilIty of the code produced is sometimes measured at the low rate of V

one error per 100 lines of code. For expenditures of that nature, both
project productivity and software reliability are seen to be of prime impor- —

tance to the overall software development process . V

In the survey of the literature addressing project productivi ty, many factors
were found to impact productivity by many di fferent authors. Consensus
of opinion is rare and it appears that human factors scientists have arrived
at their individual opinions by di rect observations rather than by use of
instruments and/or systematic procedures that measure or assess productivity .
On the other hand , whi le there i s a def inite requi rement for assessment of
this type, little is currently being done in the software industry to
accumulate and analyze large volumes of data consistantly and methodically
obtained that supports productivity studies di rected towards improving the
quantity of work produced . It is obvious that a data base of this nature
requi res a large financial as well as an intellectural commitment that may
result in nothing more than a reiteration of the results of previous work.
However, after examining the literautre and questioning a sample of software
project managers , both by questionnaire and. by symposium discussion , this
study supports the concept of a software data repository to support research
of this nature. The lack of a data base containing a large sample of
diversified software development data that has been collected in a methodical ,
standardized format on a consistent and timely basis may be the element most
responsible for the lack of conclus ive results in past productivity studies ,
as well as other studies, such as reliability , cos t estimate , and software
qual ity analyses.
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While it -is possible to list key factors used in past productivity studies
(see Volume 003 of this series), quantification and subsequent col lection
of the data remains a most difficul t problem. For example , communication
is considered by several authors tq be a key factor in performance. Measure-
ment of the degree, extent, and content of communication within a project
is an obviously difficult , if not impossible , measure to obtain. Instead ,
analysis of the type, size and number of organizational groups and the
managerial techniques used , such as chief programmer teams, can demonstrate
the individual project’s approach to the communication problem. In this
manner , it may be possible to derive meaningful information that di rectly
infl uences productivity and performance without the necessity of attempting
to quantify human factor abstractions.

Productivity has in the past and continues to be measured by the number of
work units produced per unit of time or unit of resource. A work unit
may be a line of code, page of documentation, record of data, punched card,
or any combination of these and other units. The general measure of produc-
tivity is expressed in lines of code. However, even this unit is ambiguous
since the notation of a line of code does not indicate the language
constraints inherent in the line of code notation . It is wel l recognized
that a line of source code is less expensive to produce than a line of object
code , without even considering the other software attributes of size,

-: complexity , type of application , etc. Further , the amount of analysis
contained in the design phase of software development may be the single most
important activity and may contribute more to reliability , portability, main -
tainability and other abstract qualities than any other activi ty. The level
and extent of the design analysis is conspicuously missing from productivity
measurements. Therefore , the current productivity measurement conventions
are felt to be somewhat deficient in their attention to extremely important
and essential work contained in the development process due to the difficulty
in quantification of abstract processess of this nature.

V Perhaps reducing the productivity rate to number of source code statements

per manyear 0-f effort is not only administratively expeditious for arri vi ng

at cost figures, but also provides a fast and simple method for comparative

V 
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eval uations between software systems and/or system development companies.
Howeve r, in order to support productivity analyses that may indeed provide
useful insights into increasing productivity and performance, more data are
required than total size of the delive red software, number of man-months
required to produce it , and total resources spent during production .

One of the current trends in the analyses of project productivity invo l ves
using the traditional measuring algorithm while altering
the methodologies employed by project personnel . In this manner , the need
to collect l arge vol umes of human factors, as well as production data, is
circumvented as long as a log of the programming techniques employed by
project personnel is adequately maintained. Unfortunately, this approach does
not consider some important and wel l documented psychological effects inherent
in a sample test group. If all other factors can be duplicated , including
personnel , software , wor king env i ronment, customer interactions and di rection ,
etc., other factors such as the Hawthorne and Heisenberg effects must be
accounted for in the final productivity measurements.

The conclusion that this study makes is that the field of productivi ty
analyses is an extremely large area for study . An historical data base
containing large volumes of data representing many aspects of software
developmcnt appears to be essential to productivity studies . For example ,
personnel skill levels, training, and educational backgrounds form -a set of

- 

- 
conditions that obviously impacts performance. Although this particular area
of study appears to be of little immediate interest to RADC , it is thought to V

have significant impact on performance by human factors scientists . In 1975,
it was estimated that university trained information systems personnel
comprised 35 percent of the analyst/programmer/manager work forc e , although
surveys indicate that in state data processing agencies , the percentage of
people receiving formal technical training is somewhat higher. Further , it
was found that not only is the amount of training important, but so is the
adequacy of that training , including such factors as instructors ’ qualifica-
tions, subject material , currency of programing technology, and technical
standards. These areas of productivity analyses have been examined in the
past without impacting the total software industry . Perhaps the lack of a
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single , significant contri bution to productivity in this field has had the
effect of minimizing the emphasis of attention now being committed to the
study of educational background , training, listing , etc. However, it is the
conclusion of this study that these and other human factors data shoul d be
included in the repository . Again , the purpose of this study hds been to
determine data requirements necessary to support productivity studies.
The exact productivity studies to~be conducted at RADC have
not been del ineated and it has not been within the scope, of this study to
define such . Although the current areas of interest have been considered
in determining data requi rements, it is felt that a broader. longer range
objective must necessarily be inherent in the formation of an historical data
base. For these reasons , this study concludes that the data requirements
necessary to analyze productivity incl ude data- from the following areas:

• Environmental Attributes - Those factors unique to the individual
project that are mainly concerned with the people element,
including the customer interactions and requirements, the man-
machine interfaces, the organizational structuring of project
personnel , the qual i fications of project members, and the
attributes of the software problem itself which impact m dlvi -
duals , such as complexity and size.

• Project Performance Data - Those real and measurabl e data
reflecting the amount of work performed and the amount of
resources allocated and expended , as constrained by time and

V del i verables.

• Product Quality Characteristics - Those data reflecting actual
product behavior and structure as demonstrated by the use of
speci fic project tools and aids .

V In conclus ion , collection of data supporting all productivity analyses can
not possibly be attempted. Instead , this study reconlilends a data
collection scheme that can be expanded to meet evol ving RADC needs, whi le
providing data sufficient to determine productivi ty measures while analyzing
project and product dependent variables that may have impacted the productivity
measures.

47

V - ---~~ -~~~~-~~~~~L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-V. ’ y r ~~~~~~~~
,-~~~~~ --~. -~~~~~ --- -~~ -~~~~~~ -~~~~~ , .

It is clear that project performance data must be collected in order to
evaluate the amount of work accomplished - information that is basic to
productivity aflalyses. This study recommends that a standardi zed method for
obtaining progress information on al-i products for which work was performed

during the reporting cycle be initiated. By using a reporting technique
applicable to the definition and col lection of all work data, productivity
measurements may be obtained that are not necessarily tied to any one 

V

productivity notation , i.e., lines of code, pages of documentation . At a
min imum , a reporting system wherein the software products are defined , work
progress made during the reporting period for each product is submi tted, and

all resources allocated and expended are accounted for, will provide
productivity measurements. The results of this information coupled with
project environment data, such as project progress and summary reports , —

computer utilization data, project manpower summaries, etc., should meet the
basic requirements of productivity studies. Further, the collection of the

product ’s structual and operational characteristics may also contribute to
productivi ty analyses by providing insights into signifi cant product factors V

that impact the production process.

4.2 RELIABILITY ANALYSES

Software reliability has been under scrutiny since the first development of
related programs. Unfortunately, the problems existing then still exist
today and perhaps the industry is not much closer to producing error-free
programs than it was decades ago. This study has examined past and present
attempts to improve software reliabilit y , resulting in the fol lowing
conc l us ion.

No one set of data parameters collected for research purposes will signifi-
cantly support a wide range of reliability analyses. Because of the di versity
of studi es of thi s nature and the spec ial i zed parameters needed, a data
collection effort geared to the acquisition of software development data V

sufficient to form an historical data base with the intention 0-f supporting
current and future re!earch needs In the general field of reliability is a
prohibitively large and costly task. Consequently, this study recommends the
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collection of specific sets of reliability-related data sufficient to support
ex i sting and current research needs , while developing tools and techniques
that can be integrated into a flexible and expandable data collection
system leading to the support of future research requirements for reliability
studies as they become apparent.

The field of reliability analyses includes studies covering every aspect of
software development from the requirements specifications to design method-
ologies and languages to testing principles and development of test tools to
measuring software failure rates for reliability predictions. The amount of
data generated by and for any one of these investigations may negate the
possibility of concurrently collecting data for any other study . Therefore,
although it is apparent that detailed error data and failure rates are
necessary data to collect for current RADC requirements , their utility may
be short term and appl icable to a limited field of research. While storage
of this type of data may consist of both data files for machine storage and
hard copy libra ry storage, methods for systematically access ing large vol umes
of detailed data are necessary if the data is to be useful , either presently
or in the future.

Some of the current RADC work in reliability consists of modeling and software
error analysis. Reliability modeling is di rected at predicting a measure of
software reliability by accumulating operational data of a given software
system, the number and type of errors detected, and subsequently, producing
a function which predicts failure rates. There are numerous methods currently
being used in reliability mode l ing~, most of them requiring similar input
data. The basic problem of this type of reliability analysis may be exactly

• that fact. A statistical analysis of similar software development data
obtained from entirely dissimilar software projects, including appl ication ,
complexity, operating systems, computers, methodologi es , personnel , etc.,
is being used to mathematicall y predict the reliability of that software.

V 

Further , the data and measurements needed for the different modeling
techniques are not exac tly the same , resulting in the necessity of a myriad

of collection schemes; the modeling predictions have little or no 
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appl icability to large development projects in an evolutionary state, and
the prob lem of introducing new errors in software systems whil e correcting
previous failures is not within the scope of current modeling technology.
Consequently, a large data collection effort geared to support a small
interest group of this nature is not recommended .

Research work on the nature and density of softwa re errors , on the other
hand , appears to be a meaningful endeavor that may afftct all phases of the
software development life cycle. Collection of error data must be initiated
with continual evaluation given to the operational methods employed in the
collection scheme, categorization of error data, and uses to which the data
are put. Collection of error data impl ies large volumes of detailed data
at high costs, a process which must be methodically and carefully exami ned .

In summary, this study recommends collection of three types of data to support
current research requirements in software reliabilit y , including:

• Envi ronmental Attributes - Those factors unique to the individual
software project that impact the software product, both directly
and indirectly. These factors include size and complexity of
the software application ; familiarity of project personnel with
the specific appl ication and development envi ronment; tools,
techniques and concepts employed duri ng the development process;
and the time period allocated to each phase, as well as total
elapsed time , given to perform the job.

• Project Performance Data - Those factors reflecting the actual
amount of work performed in a measurable time period ; the
management provisions , both planned and actual , taken to monitor
work progress and product quality as demonstrated by milestones ,
reviews , deliveries and/or other formal or informal examinations ;
and the reporting vehicles by which management monitors the
discrepanc ies , errors , changes and other related data made to
the developing product during the testing period.
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• Product Quality Characteristics - Those factors revealing
product structure and operational behavior that may di rectly

impact the reliability of the product.

4.3 SOFTWARE DEVELOPMENT COST STUDIES

In addition to the examination of data requirements for productivity and
reliability studies , attention was also focused on the factors contributing
to the ever-increasing costs of software devel opment . It is generally
agreed that one of the greatest services that a data repository could provide
would be a data base of detailed and reliable cost data from which the
salient cost factors for software development could be isolated.

Complicating the process of cost analyses is the lack of uniformity and
visibility of the methodology used to define, pl an and distribute the total
work package as it relates to availabl e resources and del i verable products.
In this regard , collection of software costs data reported against a uniform
work breakdown structure defining work tasks and associated products should
initiate a standardized approach for collection of costs data and the
eval uation of cost estimating t-’thniques.

In the area of costs, the evidence seems to indicate that it Is the gross
inaccuracies in the original estimation of costs rather than inefficiencies
in controlling costs that create the aura of financial i rresponsibility
surrounding software development. The process of estimating the different

components of a given software job, deriving the proper weight or relative

importance of a task for the particular project, estimating the resources
required to perform the tasks, and achieving an optimal allocation of
available resources is complex and diffi cult. For instance, the relative
proportionate cost of analysis , programing and test shift dramatically with
system size. That is , the programing cost for a small system comprise 60%

of the total costs as compared to 15% of a large system. In a like manner ,
testing costs for a small system are about 15% compared to 45% for the large;
design and analysis costs are 15% for the smal l , 40% for the large. Those
tasks requiring a great deal of coordination , communication and i nteraction

grow much faster with system complexity than those that can be performed
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relatively independently. In actual practice , since analysis , design and
testing are less wel l defined than programming and more likely to be performed
inadequately, the true cost ratios may be even more disparate . For accurate
estimates, the software development project must be broken into much smaller
components than those three project phases, and much more accurate cos ting
formulae applied since the ones available yield such poor results . Data must
be obtained at many strategic points in time and location in the development
cycle to permit proper eval uation of the contri buting factors.

Not only is there a current lack of understanding of the components of
software development and of refinement in the estimating process, but the
data that are collected appear badly contaminated through subjective estimates
and/or inclusion of the costs of i rrelevant or seim-irrelevant tasks, such as

training and administrative duties. To deri ve valid estimates , cost data
must be systematically collected in a reporting period of short enough
duration and a task breakdown small enough to avoid the perturbations of
subjective estimates and lack of detailed precision . This situati3n is further
complicated by the sensitivity accorded cost data by project managers (see
Volume 005 of these reports). It appears that managers are more willing to
report manpower and machine utilization than dollar costs. As resources,
both of these are much more complex and less defined than dollar costs. That
is , personnel classifications are far from standard in the industry , a
condition that professional and governmental agencies are seeking to remedy.

Obviously, a thorough description of the machines is required for proper
evaluation of machine-time expenditures. In designing a data collection
system, it is recommended that considerable flexibi lity be provided in the

V 
data collection forms to describe the tasks, products , and resources involved
in cost data collection . At some later date, perhaps more standard personnel
classification s and task descriptions may be established , but at the present
time it is deemed infeasible to force a standardization scheme of this nature.

In many ways, cost analyses are a counterpart of productivity analyses and
the factors that are invol ved in one are involved in the other. Hence, for

• understanding of the cost factors , much environmental data needs to be
collected and analyzed just as for productivity .
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In summary, in addi tion to the project’s performance data col lected to
support productivity and reliabili ty studies , cost data relating to the
project’s work breakdown structure, although sensitive to public scrutiny ,
may be collected with some additional effort. These data will form an
historical data base sufficient to analyze the allocation and expenditure
of resources by the project, as wel l as providing data for related studies
in the definition and llocation of the work package and the resource
estimation process. The data defining project environment and product
quality together form a data base from which comparative cost studies may be
real ized.
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5. DATA COLLECTION AUTOMATION REQUIREMENTS

The nature of the interactions of the data collection system wi th the central
software data repository will be influenced by the type of data structure 

V

used , the data management functions supported, the configuration of data
entry and data storage devices employed , and the manner in which the data
collection and repository system is managed . The detailed investi gation of
these concerns is reported in Volume/004. A short summary of this report
fol lows .

5.1 DATA STRUCTURES

In determining the relative advantage and disadvantages of various data base
organizations , this study evaluated the degree of centralization/decentrali-
zation of the data base, the physical and logical structures available , and
the access methods that might be employed. Evaluation cri teria included the
relative costs of storage, flexibility in meeting users’ needs and changing
conditi ons , security, and ease of implementation and use.

5.1.1 ~e~ree of Central izat ion

The issue of whether the data base should be located in a s ingle , central ized
repos itory or distributed among several regional or loca l data bases depends
upon the utilization of the data base. The data base may be used for long
range research only, for short term study of specific issues, and/or for pro-
ject management.

(Since short term studies of specific issues are not the principal objective
for which the repository is to function , a discussion of the advantages and
disadvantages of centralization to this type of study will be omitted. How-
ever , it appears that there will exist the need to collect addi tional and/or
differing sets of data for such studies, requi ri ng the data collection system
and repository to take this into consideration in its formation. it is
exactly this requirement that has lead to the data classification scheme pro-
posed by this study, which will be discussed in Section 6.4.)

If only basic , long term research is supported by the repository, a
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completely centralized data base offers many advantages . A central-
i zed data base is easier and cheaper to implement and operate than a decen-
tralized system, but poses some secondary problems for the data collection
system. A centralized system may be most adaptable to non-standard data
collection practices at local projects, but only at the expense of extensive
data editing at the centralized source.

The most serious problems and disadvantages of a centralized data base opera-
tion are those concerned wi th the sheer volume of input , such as process ing V

the large number of input errors that may be expected , especially unti l user
familiari ty is established . Further, data suppliers will probably receive
little benefit from a centraliz3d repository and may resist supplyi ng data .
Even a small software system may expect to submi t a large volume of data.
For a moderately large system, the load and cost of key entry and data
analysis may be expected to be quite large ; and if erroneous and missing data
are returned to suppliers for correction, the edit cycle will be long and
unreliable. Past experience indica tes that data repositories based on long- -

range research appl ications have been unsuccessful with such problems as not
being able to process the input load from diverse projects, little immediate
return to justify the costs of the data base, and a low leve l of acceptance
and use. (See Volume/002 for a more detailed discussion.)

These problems are somewhat amel iorated by standard reporting requi rements ,
limi ting automatic data collection to source code analysi s and sumar i zed run
data, restricting the number of items collected , and holding to a reporting
cycle not i.iore frequent than monthly. Source data automation - keying and
editing the data at the source of acquisition - and accepting summarized and
machine-readible input also reduce the impacts of high data entry and analysis
at the centralized sites.

If direct management support to either program management offices or to
individual projects is to be provided , a distributed or local data base has
numerious advantages, including:

1) Automatic collection points can be built Into the supplied
software .
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2) Fine, detailed data may be kept at the project or regional
site and only fil tered, summari zed data need be sent to
the central data base.

3) Direct benefits are provided to data suppliers in the form
of management support.

4) Data entry may be done interactive~y at the project site,
permi tting immediate feedback and correction of errors .
Even if data entry is not done interactively, a shortened
error correction cycle is realized .

5) Project management may feel that their data base is more
secure if it resides at the project site .

The chief disadvantages of a decentralized system are the problems and costs
of providing standard software to a variety of project computers and/or of
providing standard hardware to many projects . Maintaining standard software
and a standard data base for potentially conflicting needs of many locations
is invariably a problem for multisite systems. Certainly, creating many ver-
sions of the software will require an extended time period and is not a 

V

feasible solution for an initial capability. Gradual adoption of a standard
project monitor or distributed data base system is feasible on a long term V

basis , but places the recognizable requirements of portability, maintainabil-
ity and adaptability on the central system.

The problem of accessing distributed data bases on a variety of local com-
puters must be recognized. Direct access from the central location is possi-
ble , but involves considerable transmission costs and user resistance may
arise if the privacy of project-sensitive data is threatened. If central
access is not used , an extract program can be run to sample, f ilter or
summarize the data before transmission to the central computer, either
directly or via a machine-readible or hard copy media. This gives the local
project manager greater control of his data, but reduces the responsiveness
of the system for research purposes.

Regional or command centered data bases on a special ized basis - i.e., as
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for a Reliability Center, Producti vity Center , or Maintainability Center -
patterned after the special i zed research facilities served by the ARPA were
also examined . It appears that probable research activity seems insufficient
to support such specialization .

5.1.2 Data Base Structure

There are many issues in data base design that are still being addressed
rigorously by data base theorists. At issue are the physical organization
of the data base, the method of access and the logical structure of the data
base apparent to the user. ‘ Query languages are based on logical views of the
data structure, and a data management system maps the logical structure onto
the physical structure for retrieval . The data access method exists at the
interface between the logical and physical views of the data and largely
determines the nature of the mapping that is done.

5.1.2.1 Ph~isical Structure

The advantages of serial , linked list , di rect and inverted files were investi-
gated. Serial organization has advantages in relative independence and ease
of impl ementation. It uses space efficiently, grows readily and accommodates
several access methods. It has disadvantages in flexibility of record length
and order , and maintenance is expensive if many changes and reorderings must
occur.

Linked lists have the advantage of keeping records in a file in order wi thout
sorting or moving about, but are space consuming and have slow access times.
Al though complex networks of relationships can be expressed to yield a power-
ful query capability , this freezes a logical view of the data base into the
physical structure . System malfunctions are difficult to recover from and
the maintenance cos ts of reforming complex relat ionships may be high.

Direct, hash-addressed files have advantages in the speed of retrieval , but
sorting or retrieving on secondary keys may destroy much of this advantage.

• There are almost always some overflow problems, e.g., more than one key hashed
to a single address bucket, and space utilizati on greater than 80% is

undes i rable because of this.
V 
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Ful ly Inverted files are very fast and powerful in answering very complex
queries , but are expensive to maintain. Al teration of item attributes and
deletion of fields have far reaching impacts on the data base. Hence, for a
long-life , relatively high maintenance rate system wi thout a very demanding
retrieval level , as the repository may be expected to be, fully Inverted
files are not a good choice .

In summary, it appears that a serial data structure wi th current records in
di rect access storage and histori cal records on tape will be the most
economic and sa ti sfactory system.

5.1.2.2 P~ccess Methods

An access method mediates between the logical view of the system and the
physical structure . To a degree, the physical structure of a system helps
determine the access method, but some access methods may be used for more
than one structure , (see Figure 5). A data management system may support
files of diverse structures and several access methods . An evaluati on of the

Serial X X
C
0

•1~4.3 
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _

CD

.
~~~ Di rect
C 

_ _ _ _ _ _  
P 

_ _ _ _  
X P

~ Fully Inverted x
X = generally used
P = possible in some cases

Figure 5. Access Method Matrix
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sequential , chained , algori thmic and indexed access methods was made in terms
of the needs of the repository and the interactions wi th the data collection
system. -

The sequential access method depends upon the physical structure of the data
base being serially arranged in some way , but parti tioning the data base
permits random access to subsets of the f i le. Sequential access may be the
only access to a storage device (e.g., tape) and it is efficient when the
access rate per pass is high . It has disadvantages in reduced security and
report sorting requi rements where the order of presentation differs and is
more complex than the phys ical structure.

Chained access applies to linked list structures and is very effective where
the information satisfying a query is known in advance so that the linking is
established to answer the query. Where the physical structure does not re-
flect the logical query, access may be s low. A query caus ing retr ieval to

— skip around in the data file is also expensive . In short, linked lists and
cha ined access are only eff icient when the nature of queries against the data
base can be anticipated and built into the data structure. This is not
likely to be the case for the repository, but might readily be the case for a

-: standardized project monitor satisfying standard report requirements.

Al gori thmic access is used wi th direct file organization to reconstruct hashed
keys. Al gorithmic access Is useful for fast access to large files wi th re-
cords being retrieved by a prime key. Security provisions are hi gh. Access
using multiple and secondary keys is qui te slow, a factor that makes it
rather unsuitable for the repository.

Indexing Is the access method used by most data management systems and may be
applied to each of the physical storage structures. It has definite advan-
tages in ease of data base maintenance and multiple keys may be used for
retrieval , but there is a cost associated wi th the creation and maintenance
of Index files or catalogs. Since an index Is a file like any other, any of
the basic physical organizations may be used for index file structures. Real
advantage may accrue from searching and sorting relatively small index files

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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rather than mass i ve data records. Al so , additi onal searching methods are
possible that result in improved efficiency over other methods.

In view of the flexibility and power of indexed access, this method appears
most appropriate to the repository despite the cost of index computation and
maintenance .

V 5.1.2.3 Logical Structures

A logical structure of a data base is the view that a user has of the data
and may have only an inciden tal relationship to the physical structure. The
logical definition of the data base may vary from user to user; a parti cular
user ’s view i s cal led a subsc hema and may encompass only part of the data.
The classes of logical views i nvestigated by the study include the network,
the hierarchical and the relational logical structures.

A network view of the data base is very powerful for defining data that are
interrelated in multiple ways and is usually associated wi th linked lists and
chained access. Unless separated from the high cost of maintenance of linked

— lists , the network view is not appropriate for a data base with a hi gh vol ume
of update activity or unknown queries.

A hierarchical view of a ciata base is typified as a tree structure and is
often associated wi th multi-level indexed access methods. Multi ple views of
the data base may exist. The different access methods may all be addressed V

by a hierarchical view. Al though most implementations of hierarchical views
preserve some reflection in the physical structure of the data base, great
independence can exist. For ease of use and data base maintenance , the
hierarchical view provides adequate flexibility wi thout too grea t a cost.

The relational view of a data base is that of a table or an array. Unlike
network and hierarchical views, which usually retain some connection to the
physical structure of the data base, the relational view is a logical view
only. While the complete independence of the logical and physical structures
permits great flexibility in maintaining and modifying either structure,
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there may be cons iderable cos ts in mapping one onto the other through the
access method. Hence, w~~le the relational view is a good choice for the
repository, its feasibility depends upon discovering an efficient implementa-
tion scheme.

Since the data base structure must support growth and change, multiple keys,
and unknown queries , it would appear that hierarchical views of the data base
structure offer the most flexible structure realizable wi thin a reasonable V

effort.

5.2 DATA MANAGEMENT FUNCTIONS V

The data management functions investigated include data definition languages ,
data base creation and maintenance , informati on retrieval , ensuring the
integrity of the data base in case of system failure, securi ty, accounting
for usage , restructuring the data base, managing core , generating reports,
and performing administrative maintenance tasks. The additional considera-
tions of scheduling and conversational dialogues were addressed for inter-
active systems. Cri teria of efficiency , ease of use , ease of implementa tion,
and ease of modification were considered in evaluations .

5.2.1 Data Definition Language

The alternatives for data definiti on languages range from the minimal declara-
tion of coding type and item length to edi ting rules , access authori zation ,
and usage rules. The data management system may use the definitions to bind
data at either compi le or execut ion time. Data definiti ons may permit —

aliases and alternative definitions for the same items or sets of items.
Coding types and data structures may be limi ted to a few standard classes or
be extended to a large variety of classes. Extensible data definitions are
special features of some advanced programing language .

While advanced features In a data definition l anguage are desirable, their
impl ementation takes time and increases the complexity of the languages in
use. None of the parameters defined for the repository are at all unusual
and the data description requirements are straightforward. It is ‘4esi rable
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to permit multiple logical views -to enable users to incorporate definitions
to their particular interests, but this feature is not essential for an
ini tial capability . Compiler-bound variables are adequate for current data,
but execution-bound variabl es are desirable for historical data whose
definitions may change wi th time .

5.2.2 Data Base Generation and Maintenance

The data base maintenance alternatives investigated incl ude fixed data defini—
tions versus di rectory - sensitive routi nes , batch versus transaction orienta—
tion , levels of editi ng and degree of accounting . Interactive data base
maintenance always raises a few problems in contention , and complexi ty.

Since it is anticipated that the input level will exceed the retrieval load
and that there will not be a high demand for instant currency, a deferred batch
operation is probably preferable to the immediate input of transactions, thus
avoiding some contention problems . Symbolic edi ting is desirable. If mul ti-
ple logical views are permi tted, there is a need for mapping between the
logical and physical structures.

5.2.3 Data Base Query and Information Retrieval

A very wide range of retrieval capabilities are available in various systems
ranging from set, programed reports to powerful query languages . Since the
research questions that may be asked of the reposi tory are not known to this

study, it is assumed that a flexible query l anguage will be needed for the
data management system.

5.2.4 Data Base Integri ty

Restart and recovery in case of hardware fail ures and program halts may or
may not present a probl em, depending upon the degree of Integri ty demanded
of the system. In an interactive system, most operations tend to be small ,
consisting of a single or a few transactions, so that resubmitting the total
job is not a great penalty when a fault occurs. In a batch update, however ,
not only is considerable time los t, but an abort may leave many faul ty records
in storage. In a statistical data base, absolute accuracy may not be required
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- i.e., a few missing or inaccurate records may not make a noticable differ-
ence in resul ts - but accuracy is psychologically appealing. It is common
in long update runs to save periodic dumps as restart points to minimi ze
rerun times. Also , duplicate copies of a data base on tape are kept to reload
the database in case of a irretrievable abort during an update. Selective
dumping of changed records is more efficient than a total data base dump if V

activity rates are not high for all records.

— In addition to providi ng recovery checkpoints, some means of verifying the
— accuracy of the modified data is necessary. Some checks can be made automati-

cally, such as record counts and chain verifi ca tion, but often v isua l checks ,
benchmark tests, and data samples are necessary to insure that the system is
operat ing correctly.

Restart provis ions can be expens i ve , but it appears that only moderate re-
covery capability seems required of the repository data management system.
There will be littl e need to update existing records; most of the data will
be new records , additional software to insure proper storage, proper linkage
and selective dumping oF updated records seems des i rable.

5.2.5 ~ecuri~~
Al though data privacy and computer security are subjects undergoing close V

scrutiny and moderate development, elementary securi ty measures appear
adequate , given that the data is desensiti zed before inclusion in the reposi-
tory. The data management system should require that security keys be pro-
vided before data base access is allowed . Further, users of the data base
should not be permitted access to data i tems outside their logical views of
the data base. If direct access is limi ted to analysts associated with the
repos i tory fac ility, the analysts may screen requests for sensitive material .

Security on a local level where desensitization would impair the usefulness
of the data presents a different problem. Observance of security keys and
procedures should be more stringent. Access to local data bases is a subject
that will have to be solved by future negotiation . Al though project managers
are generally quite willing to share data (See Volume/005), some information
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is considered sensitive to the point where di rect access to the local data
base may be refused.

5.2.6 Accounting

Detai led accounting for computer resource utili zation is normally needed in
any shared facility to distribute costs fairly. It is also desirable as a
means of evaluating system efficiency and bottlenecks. In the case of the
repository , in a wholly owned facility , data collection and data base update
activities are facility specific costs. Providing other services to research
projects and other users may be justi fiable charges to those projects via a

V preestablished cost algori thm. Unnecessary and excessive usage should be
discouraged to avoid overloads. Even if RADC shares operational costs, a
fee should be employed to avoia abuse.

5.2.7 Data Base Restructuring

Restructuring serves two purposes for a data base. Fi rst, it cleans up “gar-
bage” and puts the data base in an efficiently usable condition, and secondly,
it allows reorganization to accommodate changes. Independence of logical
views and physical structure permi ts one to be changed without affecting the
other. The repository system will not be static and a reasonable amount of
logical and physical independence should be achieved. Some amount of restruc-

V 

turing migh t be necessary, but the extent will depend upon operational experi-
ence and the cost of restructuring.

5.2.8 Core Management

Core management can be done either by the data management system or by the
operating system. Most existi ng data management systems manage their own
allocation of core , but some are bound to operating systems . New vi rtual
storage management techniques bring In special hardware features, altering
core management requirements. The techniques of memory management chosen
for the repository will depend upon the capabilities available In the
operating system and the hardware configuration under which the data manage-
ment system must operate.
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5.2.9 Reporting

Reporting system status (as apposed to user report generation) is an essential

support service for the data management system to perform. Its exact nature
depends upon the data structure chosen so that load factors and system quality
are accurately reflected . It is necessary to keep activity ratios for use as
a basis for relegating- records to history files or for purging , requiring a
data base monitor , but several basic system design decisions are required
before these types of requirements can be explored adequately.

5.2.10 Scheduling

Scheduling is not a serious problem unti l mul ti-user interactive systems
operations are entered. The chief problem is the avoidance of deadlock. If
a wholly batch system is used, scheduling problems will be minimi zed; i-f an
interactive system is chosen, operations to control the shared use of the
data will be necessary.

5.2.11 Coaching

In interactive systems only, an extensive dialogue may be carried on between
the user and the data management system; first, to prompt the user in provid-
ing Inputs , and second, in requesting clarification and immediate error

V correc tions . In addi tion, instructional material may be included in the
system to teach or hel p the user in system operations.

Constructing an efficient , effecti ve , thorough dialogue is a hi ghly technical
task and capable of almost limi tless expansion . At least, minimum prompting
and error message interaction must be provided if an interactive system is

chosen.

5.2.12 Data Management System Capabilities

It is recommended that a data management system be developed whose physical
data base structure is transparent to the user; i.e., whose structure is
viewed at a logical level only. The system should:

• Provide a data definition language capable of defining
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multi ple logical views of the data base by building a
table to be used by access routines to map the logical
views to the physical view.

• Provide sufficient independence of the logical from the
physical view so that new- data items and record relation-

V 
ships can be added without affecting the exis-ting logical
views .

• Include security keys that must be supplied before data
base access is allowed .

• Prevent access to data items outside the logical view
of the user.

• Defer batch updates to periods of minimal activity to
avoid problems of deadlock and restart.

• Base costs on research access or project management
access but not on data entry.

5.3 SYSTEM HARDWARE CONFIGURATION

Three classes of system hardware were reviewed: data storage, data entry and
data processors. Again , the basic criteria used in the investigation were
flexibility , securi ty, cost and growth potential .

5.3.1 Data Base Storage Media

The media that offer adequate storage for a large data base are serial access
devices , direct access devices, and mass storage devices.

The cost of storage on tape (serial access devices) is low; it can be physi-
cally protected by locking ; and it can grow indefinitely; however, it is slow
and inflexible. It is an excellent back-up medium for historical files and/or
other files with a low activi ty rate.

Direct access devices , which consist of a wide variety of disks, drums, and
data cells , vary greatly in cost depending upon the speed , channels , and
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capacity of the device . Non-removable , fixed head devices offer very fast
access , but disk packs offer opportunity for physical security and unlimi ted
storage (at the expense of mounting and dismounting packs). For huge volumes
of infrequently accessed data , direct access dev ices are relatively expens ive
as compa red to tape and mass storage devices, but are economical for fre-
quently accessed data. Disks are relati vely flexible and data may be re-
arranged quite easily.

Mass storage devices have huge storage capacity and some di rect access capa-
bility . Costs are lower for mass storage than for direct access storage and
speeds can be qui te fast using parallelism and look-ahead buffering. It is
f lex ib le, expandible  and capabl e of containing both high access and histori-
cal data files. The tapes and cassettes used for block storage are removable
and some may be locked out. Unfortunately, mass storage dev ices are largely
untested and those currently available seem to be insufficiently reliable to
support a data base operation wi th adequate efficiency and dependability .

It is recommended, then, that direct access storage be used for current and
highly active files and that serial access storage (tape) be used for back-up,
historical and/or low activity rate files.

5.3.2 Data Entry Methods

There is several data entry devices and methods availabl e, even omitting
special data capture devices such as recording time clocks and plastic card

readers . Key to card , tape and disk devices range from simple card punches
to complex intelligent terminals.

Evaluating candidates for a data entry system invol ves such a great nunter of
options and alternatives that the task appears insurmountable without a great
deal of effort . The options chosen are strongly influenced by the relative
centralization of the data base and whether the data acquisition mode is auto-
matic or manual . In making a final evaluation of data entry methods, three
candidate configurations were formed, including a relatively small , completely

centralized system wi th a limi ted data management system; a medium sized
system with a more powerful , interacti ve data management system, wi th a

V 

67



_ _ _ _ _  - V~~~ 
_____ _

V t

potential capability for supporti ng distributed data base; and a large scale,

high traffic system. This study evaluated the impact of data input load as
it relates to efficient and effective error correction, and the data entry

system as it relates to effective servicing of repository users.

For the small research-only system (as the initial pilot facility at RAUC
mi ght be), it is economically feasible to acquire all data on either manual
input forms or hardcopy reports , transmi t the data by mai l, preprocess It
manually by data analysts to detect and correct errors , prepare the data for
i nput , and key it for entry . Card or cassette buffering is adequate . Some
profit might be expected from a terminal wi th some intelligence to aid error

detection , but it is not requi red.

For the medium-sized system, the input load may stress the completely centra-
lized facility ’s capabilities and alternative input modes need to be Inspected.
Keypunch is outmoded , being relatively slow in preparation and involving
several processing steps. Key-to-tape and key-to-disk without input editing
capab ility are of medium cos t, but have rather inadequate editing and error
detection capabiliti es. Optical character readers provide an acceptable
volume of input , but many readers require special type elements, most are un-

reliable and “cranky” in operation and an inordinate amount of time is
entailed in error diagnosis and cori~ection .

The most reassurable resolution of the data eitry load problem at the complete-
ly centralized facility is to submi t the bv’

~k of the data on some machine-

readible medium . Ruling out cards as too ~i1ky and OCR as too unreliable , V

leaves tape (either punched or magnetic), magnetic cards, and direct trans-
mission . Key-to-store over telecomunicati n lines for any substantial dis-
tance consumes much transmission time, both for initial input and to correct
transmission and keying errors, and i s relatively expensive . However, key-
to-store at regional or local data bases i~ a reasonable expense if the
urgency of management control data is added to research requirements . Key—to-
tape or local data base-to-tape, either re or casse tte, Is an entirely
sati sfactory medium (except for the turn around time on error correction, a 
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t consideration true for all manually transported media). Records may be in
either card or report format, with or wi thout blocked records, depending
upon the power of the local t~~e operation. Direct transmiss ion from a local
data base or temporary store is possible, if currency of data Is a factor.
Otherwise, the protocols involved in interfacing with many computer mediated
data sources may require extensive programing. (It must also be noted that
maintaining compatibility of tapes produced by many devices, especially
cassettes, is not a trivial task.)

Data entry at the point of acquisition has other advantages, such as the
speed and ease of correction of keying and data errors. Editing of inputs
does require some intelligence, either in the form of an intelligent terminal
or an input editor in a local computer. Even with a project monitor system
mediating input to the repository, there Is some argument for an intelligent
terminal wi th a CR1 display. Edi ting is greatly facilitated and immediate
entry encouraged.

While manual input modes are still feasible for a medium sized facility , dis-
persion of the key entry load to local facilities and the utilization of
machine-readable inputs may reduce both the data congestion and error correc-
ti on problems.

For a large system, some means of semi -automatic data capture (e.g., intelli-
gent terminals and project monitors), some preliminary reduction of data,

t and machine-readable , if not automati call y transmi tted data , are desirable.
Al though the software data collection system could grow this large, the f inal
facility would be several years in fruition. It impl ies a sophisticated
data management and informati on retrieval system, huge amounts of storage ,
perhaps some distribution of the data base , and considerabl e development
work on project monitor programs and data editors for intelligent terminals.
Without some degree of automation, a really large facility is not deemed

highly practical.

It Is recommended that the data repository move to attain machine-readable
input at the central repository, considering the following factors:
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• Data entry should be at or near the point of acquisition .

• Data entering the data base should be as “pure” and purged
o-? error as Is possible.

• The data entry system must be flexible in adapting to input

changes in individual item values , addi tional inputs, and
forms variation.

• Data entry should match the highly structured, modularized, V

and interrelated data collecti on forms with corresponding
alternative and replaceabl e software modules .

To meet these goals, it is further recommended that the preferable data entry
device is an intelligent terminal with moderately powerful editing logic,
storage capacity and CRT display capability . An intelligent terminal has the
following advantages:

V 

. A superior editing capability.

• Interactive input and error prompting.

• Storage and review prior to final entry.

• Flexibility in adapting to changes.

• Entry routines easily reflect modularized and structured
input -forms.

• Machine-readable and edited output wherever the entry
device is located.

It is also recommended that further investigation be Initiated to determine
design and user requirements for an interactive editor for the intelligent
terminal based on the data requirements defined herein, as modified by
changing repository requirements.

5.3.3 Processors

V Only a cursory inspection of central processing units was made. Many pro-
cessors are available that are equal to the tasks suggested. However, it

was understood that the host computer for the pilot facility would be the
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Honeywell 6180 computer. This computer is quite adequate to handle ei ther a
small or medium system even on a shared basis.
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6. SOFTWARE DATA COLLECTION SYSTEM SPECIFICATIONS

The Data Col lection Study has derived requirements for the RADC Software
Data Repository, considering all areas of investigations made to date. It

must be noted that because there are numerous alternatives existing in the

formation process , the specifications herein presented should be viewed as
general requi rements , dependent upon RADC ’s final -sel ection of alternatives.

6.1 PURPOSE
These specifications summarize the recommendations derived by this project

for the creation of a software data collection and reporting system. They will
address the basic assumptions for the system, the general functional require-
ments of the system, the data types required for the study of productivity ,
reliability and costs, data acquisition , transmi ss ion, data entry methods ,
and the interface of the data col lection system with the data management
system governing the central repository. In making these recommendations
tne general influences of cost, ensuring data integrity , an d overcom ing such
data collect ion probl ems as contractor rel uctance to release data w il l be
discussed.

6.2 ASSUMPTIONS AND LIMITATIONS

The basic constraints on a software data col lection system are , first, that
it meets the standards imposed by the existing military regulations , practices
and concepts ; second , that it satisfies the concepts of operation imposed by
the research objectives of the RADC Software Data Repository; third , that it
addresses , if not adequately sol ves , problems of data integrity, contractor
reluctance and high costs of data collection .

Any long-range data coll ection effort for software methodological research
must be integrated with data col lect ion requi rements for project moni toring
and management. Military standard practices assume a reasonably standard
model of the software development process and define standard products and
standard qual ity assurance procedures. They also specify a way of organizing
work packages (a Work Breakdown Structure) and schedule and resource utili-
zation accounting. Finally, standard; for configuration management
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(configuration identification , change control , and configuration accounting)
are spec i f ied. In actual practice, there is considerable deviation in
interpretation of these project management requirements and many exceptions
are implicitly (or explici tly) granted . If research goals are to be
achieved, it would appear that more stringent standards are desirable and
should be so stated in the requirement specifications of the RADC Software
Data Repository.

The concept of uperation for the repository incl udes , first, basic support
for software methodological research, and second , an evolutionary implemen-
tation of the data col lection and data management system. Support for
methodological research involves the collection of much more information
about project environmental conditions , including the use of specific tools ,
techniques and methods , than is normally required for project management.
Fur ther , although current research interest is largely focused on the
productivity , cost effectiveness and product reliability of software projects,
the data collection system must be readily adaptable or expandable to
encompass other research goals.

The concept of evolutionary implementation implies that the repository
specifications must provide for (a) an initial capability or pilot facility
utilizing an existing computer, operating system and data management system
supporting a selec t set of research problems , and (b) expandi ng the initial
capability to handle a much broader range of projects, data types, data
vol umes and research objectives than the pilot facility , providing that the
trial operation establishes the practical feasibility of the more
sophisticated and larger system.

Finally, it is assumed that at least a partial solution can be found for the
problems that plague current data collection efforts and impair the compara-
bility of data from project to project. Much of the unreliability of data
that inhibits current research efforts lies in a lack of standardization of
terminology, measurements and data collection procedures. Further, data
reliability is decreased by the bias and subjectivity inherent in current
collection procedures, in the natural resistance of projects to management
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controls , and in the reluctance to release sensitive data - data that may
reflect on project competence or reveal proprietary technology .

It must also be recognized that efforts to collect a large volume of high
quality data will entail sigh costs. First , the benefits to be expected from
a wide representation of project specific data must be weighed against these
costs , and second , mechanisms for establishing data delivery requirements
and for reimbursing collection costs to projects must be considered in these
specifications.

The objectives of the softwa re data collection system specifications are to:

• Recomend procedures to acqui re reliabl e , objective and
standard data to overcome the problems facing current data
collection efforts.

• Define the specific data parameters to be collected , the
instruments to collect them, and specify minimal data
collection points and frequencies.

• Determine data entry methods and configurations.

• Define the interface between the data collection and reporting
system and the data base and data management system.

• Define the possible repository’s operations management
alternatives.
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6.3 DATA ACQUISITION PROCEDURES

The data acquisition procedures represent the interface with participating
software development projects and the RADC Software Data Repository, and as
such must be adaptabl e to a broad range of conditions and numerous problems .
A wide variety of data parameters which may change and expand over time and
which represent a large volume of data at considerable cost over all projects
m ust be acquired. An exami nation of project conditions has been presented
in Volume 003; evolution changes in Volume 004; and data collection problems
In Volume 002 of the Data Co ll ec tion Study ser ies. Standardi zed procedures 

V

need to be developed to ensure that the data collected are acquired under
comparable conditions and will provide valid data for experimental studies.

The data acquisition procedures must be adaptable to projects that:

• Vary in size from very large to quite small .

• Vary in di f f i c u l ty from very complex and innovative to 
V

quite simple.

• Entail any portion, or combination of port i ons , or all of
the life-cycle phases.

• Have objectives that vary from pure research to automati ng
basic operations.

• Are located throughout the world .

• Employ different computers, operation systems, languages ,
and methodologies.

In ordcr to evaluate the impacts of project attributes upon project perfor-

to account for project di fferences, and/or to ensure that proj ects

~~~r study are comparable , it Is recommended that a variety of envi ronmental
b. collec ted . Specific recommendations for envi ronmental

,.., ., ... •r. ,ves nWd in S ctlon 6.4, Data Requi rements. 
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Data acquisition procedures must be constructed so as to el iminate or
minimize such probl ems as:

• Lack of standardization of terminology , measures and
instrumentation of the software development process.

• Subjectivity and bias in the measures taken .

• Reluctance to release information that is sensitive or
reflects negetively on project efficiency.

• Resistance to managerial controls.

— The standards for col lection that are devel oped must be enforceable.
Countermeasures for subjectivity and bias must be developed that deal not only
with the unreliability of introspective measures (e.g., subjective estimates,
ratings and recollections), but also of personal invol vement , summarizing
and averaging over time periods , and differing organizationai reporting levels
and configurational hierarchies .

It is recommended that the software development project models presented in
Section 2.1 be adopted as the standard models for the definition and design
of the data col lection system. The measurements and collection procedures
described in Section 6.4 shoul d be selectively established with contract
provisions made for their execution , including specified penalties for non -
observance of the prescri bed collection conditions.

To reduce the subjectivity of the measures taken , it is recommended that
objectivi ty and data integri ty be increased by:

• Acquiring data at the point of occurrence.

• Introducing automated and mechanical recording methodology .

• Employing independent observers to audit performance, review
and test products , and record data .

• Providing specific standards and review criteria to guide
judgmental data .
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• Avoiding reporting techniques that interfere with ongoing
technical performance, i rritate or distract technical person-
nel , or appear threatening and coercive.

• Integrating data requirements with technical pro4ucts and
performance as part of the technical work.

• Acquiring data in small increments at short, regular interval s
to minimize interference of large data collection efforts.

• Indoctrinating project personnel thoroughly with the goals,
procedures, requirements and definitions for the data gathered.

• Developing objective algorithms for the summation , averaging
V and fi ltering of d3ta .

The above measures will also help to minimize reluctance and resistance to
releasing informati on . Also requi red as an integral part of the Data
Col lection System , are procedures and handbooks for:

• Project monitors to assist in software development
management procedures, integrate existing military
practices , and promote effective project monitoring
practices.

• Project personnel to indoctrinate project personnel into the
objectives, specific data requirements and reporting procedures
established by RADC .

To provi de the necessary flexibility to adapt to di ffering environmental
conditions and to changing data requirements, it is recommended that data
collection forms and procedures be designed and used in a modular manner.
To alleviate some of the impacts of change , procedures and mechanisms should

be established for the prompt and timely maintenance of the user procedures
and documentation recon.i~ended above . In so far as poss ib le , user cooperation

should be solicited in defining and agreeing to the procedures for collection
of data for experimental purposes.

V.
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6.4 DATA REQUIREMENTS

At a minimum, software development data must be collected that will support
project productivity , program reliability and cost studies. Information is
also desired that will lead to further insight and understanding of the soft-
ware development process. Further, expansion of research goals to cover

other indices of software quality , such as program efficiency , modi fiability

and maintainability , convertability and transportability , and ease of use and
understanding , must be anticipated in the future. The data parameters collected

for the repository will be in part identical to or deri vable from those

currently collected and/or observed by project management ; both data for

management and data for research must be collected using the same procedures.

On the basis of the study reported in Vol ume 003 of these reports, it is

recommended that three classes of data parameters be collected .1

• Project environment data

• Project performance data

• Product quality characteristics

Project envi ronment data consists of those project attributes that are likely
to infl uence project performance, including:

V • Project definition and related data , specifically:
Project identifier
Title
Descript ion
Start date
End date
Control Authority
Number of subcontractors
Total manpower
Total pages of documentation
Total number program modules
Total number subsystems
Total number operational source statements

T All data parameters are fully defined in the Compendium of Procedures and
and Parameters, Volume/007.
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Total number support source statements
Total number operational object instructions
Total number support object instructions
Total number bytes in data base
Overal l project complexity
Appl i cation software complexity

• Control/operating system complexity
Support system/tools/aids complexity
Data base structure complexity
Quality of requi rement speci fications
Quality of design specifications
Schedule adequacy
Overa ll project management effectiveness
Overall project personnel qualifications
Computer resources adequacy
Customer suppl i ed information
T imel iness of rev iew actions
Fundiflg adequacy
Project software type

• Customer/contract definition and related data , speci fically:
Contract type
Number of coordination points
Frequency of customer contact
Customer experience with data processing
Customer ex per ience with application
Customer exper ience with target computer
Customer exper ience with contractor
Stringency of review procedures
Reasona bleness of negotiations
Penalties for non-performance
Tec hnical risk
Redirection rate
Contract and work compatibility
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Contract renegotiability
Customer turnover
Customer rapport
Project location
Quality of physical facility

• Subcontract identification and related data, specifically:

Subcontractor Identifier 
- 

—

Subcontractor type
Responsibilities
Experience in data processing
Experience with subcontractor
Experience with application
Frequency of contact
Quality of subcontractor supplied information
Subcontractor rapport

• Software installation data, specifically:

Location of target computer
Installation technique
Number of personnel in install ation team
Average experience of installation team
On-site training
Software adaptation
Resource requi rements for installati on
Instal l ation difficulty rating . 

V

Problem(s) description

• Project organizational data , specifically:

Organization identifier
Organization type -

Organization responsibilities
Identifiers of reporting organizations
Wor k identi fier(s)
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Initiation date
Completion date
Personnel skill level(s)
Manning number
Managerial techniques identifier(s)
Managerial turnover rate
Key personne l turnover rate
Project member turnover rate
Identifiers of higher leve l organizations
Identifiers of organizations on this level

Project employee information , specifically:

Employee identifier
Employee skill level
Employee job title
Organization i dentifier
Experience in data processing
Experience with project programming language
Experience in application area
Exper ience in management
Experience with target computer
Education level
Personnel ’s work identifi er(s)

• Computer equipment and support facilities identification and
capability data , specifically:

Device identifier
Memory size
Unit of measure
Number of CPU ’s
Number of I/O channels
Memory cycle time and unit of measure
Device type
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Number of sequential access devices
Number of random acce ss dev ices
Major input device type
Product identifiers
Location of facility
Mode of operation
Turnaround time
Computer availability
Qual ity of equipment and/or related serv ices
Qual ity of operating system and support software
Quality of operating system and support software documentation

• Identification of project’s utilization of programming
methodologies, tools and techniques and related data , including
utilization of a program production library. The specific
parameters incl ude :

Technique identifier
Technique class(es)
Technique type
Acquisition cost
Training effort
Independence rating

PPL identifier
Mode of operation
Manpower resource allocation
Sk ill level
Cost of establishing PPL
PPL operation and maintenance cost
PPL computer utiliZation costs
PPL effectivity rating

• Projects programming language Identification and related data,
specif ical ly:

Source/object language identifier
Language acquisition costs
-Language training costs
Compiler/assembler reliability
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Quality of language documentation
Language efficiency
Language relevance to project goals
Language support tools

Project performance characteristics should measure both the productivity
and the quality of work , including :

• Work package (work breakdown structure) identification data with
scheduled performance of tasks , specifically including:

Work level
Work identifier
Work descri ption
Identifiers of reporting work elements
Initiation date
Completion date
Terminator
Resource utilizati on data:

Resource iden ti f ier
Resource unit
Resource allocated
Resource expended
Resource var iance
Work/product i denti fi ers

Identifiers of higher work elements
Identifiers of work elements on this level
Product identifiers

• Product identifi cation data and methodologies used in its
production . These data specifically include:

Product iden t i f i e r

Product mod number
Product version number
Product type
Reporting level
Product description
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Identifiers of product components

Work unit
Work size
Cost
Programing language identifier

Language relevance to product

Language efficiency for product
Product complexity
Product familiari ty
Product stability
Programing techniques related to product data ; incl uding
Technique identifier
Relevance to product
Integration rating

• Project performance , including resource expenditures, data
current to the reporting period , specifically:

Organization i dentifier
Production data :
Work identifier
Product identifier
Resource identi fier
Resource units expended
Work units produced
Product status

• Project qual ity assurance provisions including records of all
proposed changes to a basel ined product configuration , whether
due to external forces , implementation di fficulti es or product
faults/errors , or informal examination . Three classes of data
are included:

• Software Problem Report (SPR) data , specifically including :

SPR identifier
SPR type
Employee identifier
Date of problem discovery
Tlme of day
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Work identifier in progress
Status
Product(s) impacted by problem
Data base identifier
Test case identifier
Test tool identifier
Problem description
Date rece ived
Employee assigned

• Software Modification Transmittal (SMT) data,
specifically, including :

SMT identifier
Date of correction
Time of day of correction
Employee identifier
SPR ’s reso l ved
Production identifier(s)
Ol d mod 

V

New mod
Unit of change
Amount of change
Difficul ty rating
Work identifier
Type of software termination
Work identi fier in progress when error generated
Manpower resource required
CPU time
Error description 

—

Error type
Date rece i ved
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• Milestone event data, specifically including-:

Milestone identifier
Work identifier
Date of event I -

Milestone type
Mi lestone status
Mi lestone descr ipti on
Milestone subevents ; including:
Work identifier(s)
Product identifier
Product status

Product identifier (s) baselined
SPR(s) establi shed
Authentication

Product quality measurements should consist of those characteristics of the
final product structure and operation that can be measured most adequately
using automated analysis and recording tools. The manually col lected data
supporting execution of the software using automated tools and aids includes :

• Information related to software operations, test case , job and
total run time , and errors , specifically:

Job identifier
Employee identifier

- 
- 

Test case iden :ifier 
V

Product identifier(s)
Technique/tool identifier(s)
Description
Device identifier
Log date
Job identifier
Computer job acceptance time
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Computer operations
Completion code
CPU time

• • Information related to program structure , language construct
usage, operational behavior , data structure and usage ,
complexity analyses data , etc . (The exact parameter types must
be obtained from the speci fications of the automatic tools used).

Examination of the data requirements recommended by this study will reveal the
relat ive importance of various factors in infl uencing productivity and product
quality , while also giving priority to current research. For this reason , the
entire set of data parameters defined in Volume 007 have been divided into
three groups , corresponding to three levels of importance . Group 1 consists
of data items that should be gathered by all projects, and is believed to be
the minimum set required for support of productivity , program reliability and
cost studies. Group 1 items should be collected from all projects for the
pilot facility . Group 2 consists of data of second priori ty and includes
many more envi ronmental factors that may infl uence project performance, and
shoul d be collected either selectively to support specific research projects
or as a long range investment for future research. Group 3 represents an
expansion in scope and detail of Group I and 2 parameters. Group 3 i tems

should be collected selectively to support specific research or upon the
development of a large capacity system. Each successive group of i tems
represents an expansion in data volume and an increased col lection costs .
Since Group 3 encompasses most product qual ity parameters , it potentially
represents very large volumes of data and manual storage techniques should be

V 

considered for items not invol ved in a specific research program.

To meet requirements for flexibility , modifiability , and expandability , the
data collection forms and procedures should form a modular , easily modified
collection system. Such forms have been defined in Volume 007, Compendi um
of Procedures and Parameters .
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The specific compostion of the forms designed for the data collection
system include :

• Project Environment Information - A form for collecting project
specific characteristics , to be completed and submitted at
project initiation and completion .

• Contract/Customer Information - A form for col l ecting data
about project unique customer and contract conditions , to be
completed and submitted at project initiation and completion .

~ Software Installation Information - A form to collect data on
V techniques , personnel , resources and problems of a software

installation, to be completed and submitted at project initia-
tion and completion .

• Subcontractor Information - A form to collect data on each
subcontractor’s responsibilities and interfaces , to be completed
at project initiation and completion .

• Organization Information - A form to collect data on each
organizational structure within the project, to be completed
and submi tted at project initiation and completion.

• Employee Information - A form to collect data ci the experience
levels for each project employee , to be completed at assignment
of an employee to the project.

• Computer Equipment Information - A form to collect data for
each computing device used by the project for software develop-
ment.

• Computer Support Facility - A form to collec t data on the
quality and type of computer support facility used by the
project.

• Program Methodology Information - A form to collect data on all
concepts , tools , and techniques used in the development of
software , to be completed and submitted at completion of the
work definition phase and at the completion of the project.
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• Pr9Qranlnjng Language Informati on - A form to collect data
on each programing language used by project personnel , to
be completed and submitted at project initiation and completion .

• Program Production Library Information - A form to collect
data on the resource ~expenditures and the effectivity of the
program libray , to be completed and submi tted at project initia-
tion and completion .

• Work Definition Information - A form to collect data on the
work breakdown structure in an hierarchical manner, showing the
relationship of all work elements and the chain of authority
for each work element the software development project has
defined. The form is to be completed and submi tted at project
initiation , work plan formation , or when the work package
allocation is changed. A Work Definiti on Information Form is
to be completed for each element for whi ch resource al location
and expenditures are made.

• Product Identification Information - A form to collect data on
each configuration item, its hierarchical structure, complexity,
and resources allocated; this form is to be completed and
submitted at completion of the work or product definition
phase and at completion of the software development project
for each product being developed.

• Project Performance Information - A form to collect data on
resource expenditures, productivity, and work and product
status. This form is to be completed and submitted at the end
of each reporting period for the work progress and resource
expenditures for that reporting period.

• Software Problem Report - A form to be used by project person-
nel when a problem is discovered in the software or other
associated product items. The SPR is submitted to the RADC
repository at the established reporting period. This form
provides information on discrepancies found In any configuration
item for both the project and the repository. (For the purposes
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of this form, a problem is any condition that arises that

would , if approved, cause a modification to be made to a
software product, as a requirements change, a design or imple-

mentation dilema or a program error.)

• Software Modification Report - A form to be used by project

personnel upon successful modification to the configuration

item. The SMT is submitted to the RADC repository at the

established reporting period. This form provides information

on and the final disposition of software modifications foruSe by

both the project and the repository.

• Software Operations Log Information - A form to collect computer

operations data manual ly by a project librarian or data
collection clerk. This form is to be completed daily and
submitted to the repository at the established reporting period.

• Job Identification Information - A form to define the

relationships between test cases, products and test runs , to

be completed and submitted upon completion of test case

definition .

• Milestone Identification - A form to collect infcrmatio~u on
the product and/or work status, criteria for successful comple-

tion of a milestone, and error reports generated as a result
of a milestone event. This form is to be completed and

submitted at completion of the work definition phase and at

completion of the milestone event for each milestone, or equiva-
lent, in the software project.

• Computer Ooeratlons Definition - A form to define for RADC the
computer operations and associated completion codes for each

com puting device used by the project. This form is to be
completed and submited by the project librarian,or equivalen t,
prior to computer usage by project personnel . (This form is ar~example of one of many, definition forms that RADC may need.
It is reconinended that this type of information be stored as
hard copy rather than input In the data base).
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An example of some of the data collection forms and procedures contained in
- t Vol ume 007 follows . These three example forms are applicable to all projects,

and contain data from Group 1 exclusively.

To provide basic understanding and precise guidance necessary to help
all eviate misunderstandings , subjectivity, bias and reluctance of the data
suppliers , it is reconinended that the data collection forms be accon~anied
by additional information that contributes to their understanding , use and
maintenance, including :

• Statements of objectives and benefits.

• Roles and responsibilities of Air Force and contractor
agencies.

• Control boards and coninittees and control and decision
mechanisms for initiating and operating and maintaining the
data collection system.

* For each form, precise definition and specifying procedures
for each entry on the forms keyed to the entry blanks.

• For conip~exly derived entries , such as classifi cations of
errors and programing methodology definitions , rep laceable
addendum specifying required information entries.

• For maintenance, data definition catalogs and control
procedures.
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P1 PROJECT ENVIRONMENT INFORMATION FORM

DATE OF SUBMITTAL: 
(D __________ 

PROJECT IDENTIFIER: 
____________

TITLE: ® ____________________

DESCRIPTION: ®

START DATE: ® — 
END DATE :~~)

CONTROL AUTHORITY:(7) NUMBER OF CONTRACTORS:®
PROJECT SIZE ESTIMATES
Total Manpower: (j~s

Total Pages Documentation: __________________

Total Number Program Modules : (i]) —__________________

Total Number Subsystems: ~j~J
Total Number Source Statements in Operational Software: 

____________

Total Number Source Statements In Support Software: 
________________

Total Number Object Statements In Operational Software : 
__________

Total Number Object Statements in Support Software : (13
Total Number Bytes in Data Base: 

__________________

PROd~~T COMPLEXITY ESTIMATES
Overall Proj~~t. ~~ — 

Application Software: 
____________

Control/Operating System:(,~ J_ Support System/Tools/Aids: c::~
•IJ

Data Base Structure:

PROJECT EVALUATION RATINGS
Qual ity of Requirements Specifications: 3
Quality of Design Spe~i~1catlons : ~~
Schedule Adea~~o1: ~

j
Overal l ~;oject Management Effectiveness: (

~~~~)_______________________

~iera1 1 Project Personnel Qualifi cations: ~~
Computer Resources Adequacy: 

~
J______________________________________

Qual ity of Customer Supplied Information: (
~

)
Timeliness of Review Actions: __________________________________

Funding Adequacy: 
~DPROJECT SOFTWARE TYPE: BUSINESS 

~~ 
SCIENTIFIC SYSTEMS 0

MAINTENANCE ~j OTHER
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P1 PROJECT ATTRIBUTES INFORMATION FORM

To be completed and submitted at initiation and completion of the software
development project. This form defines the reporting project, the project
s ize, software complexity, and adequacy of other project specific parameters.

Parameter — Key Format 7A Descr iption
Date of Submi ttal ~j~s F-6 Current date, either project initiation

or completion date, In the format
fyfllfldd.

Project Identifier ® F-8 An acronym, number or other identifier
that uniquely specifies a project and
identifies all data collection forms
for the project.

Title c~ F-16 ~ short name or descriptive title forthe project.

Description ® V-256 A brief narrative description of the
• software development project, covering

Its objectives, scope and approach.

Start Date (
~J F-6 Date project is Initiated, yymmdd .

End Date (
~ F-6 X Date project is to terminate, yyimiidd .

Control Authority ® F-iD rhe name or phrase characterizing the
:ustomer ’s configuration control
igency, e.g., SPO, CCB, project
~On1tor, etc.

Number of Sub- (j) F-4 X lotal number of subcontractors partici-
contractors pating In software development project.

Total Manpower F-8 X The number of manyears requi red for
the software project .

Total Pages of 0 F-8 X The total number pages of documentation
Documentation to be produced during the performance

of the project.

Total Number (1]) F-8 X The total number of modules to be
Program Modules produced during the performance of the

project .
Total Number (1) F-8 X The total number of subsystems to be
Subsystems produced during the performance of the

project .
Total Nis,d er ~1) F-8 X The number of deliverable POL state-
Operational ments in the operational system.
Source State-
ments
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P1 PROJECT ATTRIBUTES INFORMATION FORM (contd)

Parameter Key Format 7~
. Descr ip t ion

Total Number F-8 X The number of del iverable POL state-
Support Source ments in the support software.
Statements
Total Number F-8 X The number of deliverable MDL state-
Operational ments in the operational system.
Object Instruc-
ti ons
Total Number F-8 X The number deliverable MDL statements
Support Object in the support software.
Instructions
Total Number Bytes 6~ F-8 X The number of bytes of storage
In Data Base required for data storage.

Overall Project ~fj~ F-2 X An eval uation of the degree of comple.
Complexity xity of the project, independent from

the complexity of the software pro-
duced. (This evaluation should
cons ider such factors as the number
of coordination points , number of
subcontractors , number of agencies
per product, number of internal
coordination points , number disci -
plines involved , number and variety
of products produced, number and
variety of information sources.)
Rating scale is 1-10, where 1 = easy,
10 most difficult.

Application F-2 x A complexity rating for the known
Software characteri stics of the sol ution
Complexity algorithm software being developed.

Rating scale is 1-10, where 1 = easy,
10 = most di fficult. . 

—

Control/Operating ~~ F-2 x A complexity rating of the control
System Complexity software or operating system, either

being developed or used by the soft-
ware development project. Rating
scale is 1-1 0, where 1 = easy, 10 =
most difficult.

Support System/ F-2 x A rating of the complexity in the
Tools/ Aids use, Interactions and/or documentation
Complexity of the support software. Rating scale

is 1-10, where 1 = easy, 10 = most
difficulty.
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P1 PROJECT ATTRIBUTES INFORMATION FORM (cont’d)

Parameter Key Format ~~~~~~~ 

— Description
Data Base F-2 X A rating of the complexity of the data
Structure base, size and structure. Rating scale
Complexity is 1-10 , where l =easy, lO=most difficull

Quali ty of F-2 An evaluation of the clarity , comple-
Requirement ness , implementability ~nd verifi-• Specifications ability of the project requirement

specifications . Rating scale is 1-10,
where 1 = very high quality , 10 =
poor quality .

Quality of Design 

~ 
F-2 X An evaluation of the design specifica-

Specifications tions for their completeness, clarity ,
and detail. Rating scale is 1-10 , where
l=high quality , 1O=~oor quality .

Schedule F-2 X An evaluation of the tightness of
Adequacy project scheduling in view of total pro-

ject. Rating scale is 1-iC, where 1=
idequate , 10 = inadequate .

Overal l Project F-2 X An evaluation of the management control
Management of the project based on the stringency
Effectiveness of administrative plans , configurat ion

control procedures , technical direc-
tion given , etc. Rating scale is 1-10,
where 1 = effective management, 10 =
ineffective management.

Overall Project ~j) F-2 X An eval uation of the project personnel ,
Personnel including management, technical and
Qual ifications administrative support people , in

meeting the projects performance goals.
Rating scale is 1-10, where 1 = highly
qualified , 10 = poorly qualified .

• Computer F-2 X An eval uation of the computer resourcee
Resources and services to meet the requirements
Adequacy of the project. Rating scale is 1-10 ,

where 1 = most adequate, 10 = highly
inadequate.

Customer F-2 X An eval uation of the customer suppl ied
Supplied data and/or equipment based on the
Information completeness, timeliness and accuracy

(freedom from errors and - deficiencies) .
Rating scale is 1-10, where 1 = high
quality, 10= poor quality .
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P1 PROJECT ATTRIBUTES INFORMATION FORM (cont’d )

Parameter Key Format ~~ Description
Timeliness of F-2 X An evaluation of the length of time It
Review Actions takes to process an item through the

review and approval cycle , especially
in terms of exceeding scheduled review
periods and priority , importance or
Ininediacy of the need for a decision .
Rating scale is 1-10 , where 1 = most
expendlent, 10 = most time consuming .

Funding Adequacy ~~ F-2 X An evaluation of the adequacy of
project funds to meet the software
del iverable end items. Rating scale
is 1-10 , where 1 = adequate, 10 =
most inadequate.

Project Software F-2 Indicate the gross classification of
Type programing choices include :

BUSINESS
SCIENTIFIC
SYSTEMS
MAINTENANCE
OTHER
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P7 COMPUTER EQUIPMENT INFORMATION FORM

DATE OF SUBP1ITTAL:Q~______________ PROJECT IDENTIFIER :®
• DEVICE IDENTIFIER :c~ _________________________

DEVICE DESCRIPTION STATISTICS :
Memory Size:®________________ Unit of Measure:(~)
Number CPU s:(j)______________ Number I/O Channels:a)____________

Memory Cycle Time:®_____________________________

Unit of Time Measure:4~ Nano 
~~ 

Micro 
~~ 

Sec El
DEVICE TYPE: Mini Q Micro fl Midi 

~~ 
Max i fl Spec ial Purpose fJ

SECONDARY STORAGE STAT ISTICS :
Number Tape Drives :
Number Random Access Devices : _________________________________

MAJOR INPUT DEVICE TYPE: Card Q Paper Tape 
~~ 

Terminal 0
- • PRODUCT IDENTIFIERS : 54’) ____________________________________________

a
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P7 COMPUTER EQUIPMENT INFORMATION FORM

To be completed and submi tted at project initiation for each computer
configuration used by the project for software development. This form
identifies the computer equipment capabilities.

Parameter Key Format ~~ Description

Date of Submi ttal 
~D 

F-6 Current date , either project initiatiot
or completion date, in the format
yymdd.

Project Identifier ® F-8 An acronym , number or other identifier
that uniquely specifies a project, and
identifies all oata collection forms
for the project.

Device Identifier (~) 
F-24 The name of the computing device

emp’oyed , including the manufacturer
of the equipment, the series number ,
and the model number.

Memory Size F-1O The amount of information the computer
memory can store and base, e.g., 64K.

Unit of Measure F-b The unit by which the storage capacity
is measured , e.g., bit, byte, word .

Number of CPU ’s F-4 The total number of central processing
units associated with the identified
computer.

Number of I/O (i~ F-4 The number of hardware devices that
Channels connects the C~U and main storage withthe I/O control units .
Memory Cycle Time (j) F-8 CPU cycle or access time .
Unit of Measure F-5 The unit by which cycle time is

measured , e.g., nanoseconds, micro-
seconds , seconds.

Device Type F-7 The general classification of the
computer equipment according to size.
Mini - A computer with a portable

mainframe.
Micro - A computer that is micro-

progranmiable and is also
portable.

Midi - A medium size computer, e.g.,
PDP1O, IBM 360/20-370/158.

Maxi - A large scale computer capable
of mul tiprocessing, e.g., CDC

_________________ ____ ______ 
7600, IBM 370/191.
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P7 COMPUTER EQUIPMENT INFORMATION FORM (cont ’d)

• Parameter 
— 

Key Format ~~~~~~~ 

- Descri pti on
Dev ice Type (cont) Special - Computer built to

specific specifica-
tions for a particu-
lar appl ication .

Number Sequential (~i) 1-6 Number of devices providing secondary
Acce ss Dev i ces storage of sequential access type,

e.g., tape dri ves.
Number Random F-6 Number of devices providing secondary
Access Dev ices storage of random access type, e.g.,

discs , drums.
Major Input Device 63) F-lO Type of input device that provides the
Type major percentage of input data

Choices Include:
Card - Punched cards
Paper tape - Punched tape
Terminal - Remote site input

Product (j~ F-8 Identifiers of product elements using
Identifiers this hardware device . This field may

be left blank when a s ingle computer
de~’ice is used for the development ofall products. In the event that more
than one device is identified for
software development, specify the
highest level Product Identifier using
the dev ice , e.g., the subsystem name.
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Wi WORK DEFINITION INFORMATION

DATE OF SUBMITTAL:i~ _________ 
PROJECT IDENTIFIER :®

WORK LEVEL:~~ Project L Phase ~~ Task [j Activity 0
WORK IDENTIFIER: (~

J______________
WORK DESCRIPTION :®__________________________________________________

IDENTIFIERS OF REPORTING WORK ELEMENTS:®

INITIATION DATE:®_____________ COMPLETION DATE:(i’ 
__________________

TERMINATOR : 
___________________

_________________ 
RESOURCE UTILIZATION DATA _____________________

RESOURCE ID UNIT ALLOCATED _EXPENDED

©

PRODUCT IDENTIFIERS : _________________________________________________
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Wi WORK DEFINITION INFORMATION FORM

The Work Definition Information Form provides data on the work breakdown
structure in an hi erarc hi cal manner , show ing the relat ionship of all work
elements and the chain of authority for each work element the software deve-
lopment project has defined . The form is to be completed and submi tted at
project initiation , work p lan formation, or when the work package allocation
is changed. A Work Definition Information Form is to be completed for each
element for which resource allocation is made.

Parameter Key Format ~ Description
Date of ® F-6 Current date, either project initia-
Submittal tion , work plan formation or change in

work plan definition , in the format
yynmidd.

Project (~) 
F-8 An acronym, number of other identifier

Identifier that uniquely specifies the project,
and identifies all data col lection

- forms.
Work Level F-8 Indication of the work breakdown level .

Choices are project, phase, task,
activity .

Work Identifier (
~3 F-8 A name or number uniquely identifying

• this particular work element, and for
wh ich manpower , computer , etc.,
resources will be allocated.

Work Description ® V-256 A brief narrative description of the
work to be performed including the
purpose , scope and method for this
element.

Identifiers of ® F-8 Identification of all of the elements
Reporting Work into which this work element is sub-
Elements di vided.
Initiation Date F-6 The calendar date for starting the work

element, in the form yynmidd.
• Completion Date ® F-6 The calendar date for completing the

work element, in the form yymmdd .
Terminator F-l 2 The action taken that completes the

work element being defined . This may
be a milestone , identified on the W8
form, an informal review, or a
del ivery.
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Wi WORK DEFINITION INFORMATION FORM (cont’d)

Parameter Key Format Description
Resource ~ö~) F-12 A short name identifying the specific
Identif ier kind of resource to be utilized , e.g.,

personnel class ification, machine type,
tra vel type, computer time , storage,
etc.

Resource Unit F-lO The basic unit of expenditure of the
resource, as manhours , mandays, hours,
minutes, etc.

Resource Al located F-8 The total amount of the resource unit
• allocated or budgeted for the total

work element.
Resource Expended ~13 F-8 The amount of allocated res urce

expended to the reporting date for thi
work element.(Generally, this field is
blank since the form is submi tted at
initiation of the work element, prior
to resource expenditures. However,
in the event that resources have been
expended, include all expenditures
for this work element to date.)
Calcu lated from monthly status
reports after initial Input.

Product F-12 The unique identi fier of the specific
Identifier(s) product, or serv ice, whose production

is evaluated . (The combination of
characters uniquely identifying the
work element and associated products

• together form the key by which all
products within all work elements
can be identified. Resource expen-
ditures and productivity data are
periodical ly collected via these
identifiers.) Al) products identified
must be descrThed on the W2 Product
Identification Form.
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6.5 DATA ENTRY CONFIGURATION

The data entry system must meet the following requirements:

• Transmit data from the point of acquisition to the
central repository.

• Convert the data to a machine readible mode .

• Detect and correct input errors.

• Be flexible in adapting to input changes in individual
item values , additi onal parameters and var iation in forms .

• Match the highly structured, modularized and interrelated data
col lection forms that have been devi sed and recommended by
these reports.

• Operate as rapidly as required to support data collection and
repository requirements in a cost-effective manner.

• The data entry configuration must conform to the concept of operation
adopted for the data repository in the following respects:

a. If the data repository is to operate in an off—l ine,
statistical report research mode, stressing historical data
over an extensive period of time without immedi ate support
for project management or monitoring , it is recommended that
data entry be oriented to a largely manual col lection, batch
entry mode .

b. If the data repository is to operate In an interactive mode,
stress ing imedi acy of response and currency of data with a
potential for immediate support of project monitoring and
management, it is recommended that point-of-collection data
entry and digital data transmission techniques be used with
a largely transaction oriented entry mode.

For the pilot facility , collecting data from a small number of projects and
supporting a limi ted amount of research In a trial basis , transmi ss ion of
manual data collection forms to the central facility for key board entry is
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deemed the most economi cal procedure, and it should prove satisfactory for
the trial period. For an expanded facility , collecting data from a great
many projects and supporting a large amount of research, It Is strongly
recommended that machine-readabl e input only be accepted at the
central repository. A manual back-up capability must be preserved in case
of failure, exceptional cases and error correction, but machine—readabl e
Input Is necessary to avoid overload of data analysts and keyboard operators
at the central facility.

In fact , data entry at or near the point of acquisition is highly desira ble,
not just to provide machine-read~~le input to the repository but to avoid
much of the subjectivity and bias associated with subsequent manual
process ing to summarize , average and filter the data. The preferred data
entry device is an intelligent terminal with moderately powerful editing
logic, moderate storage capacity, and a CRT di splay capability for use in
verification and editing of entries. Al ternatively, the CR1 terminal may
be driven by a local computer. Either option has the following advantages:

• A superior editing capability

• Interactive input and error prompting

• Storage and review prior to final entry

• Flexi bility in adapting to changes

• Entry routines easily reflect modularized and structured
input forms

• Machine-readable and edited output wherever the entry
• device is located

It is also recommended that a standard project monitor system be defined
and developed. The monitor should operate In conjunction with the Intel-
li gent terminal capability . A project monitor has great advantage in
fostering and enforcing data collection standards by incorporating
standard, objective and automatic algorithms for filtering, averaging and
summarizing data In the monitor. Further, a project monitor represents an
immediate payoff to the data suppliers in terms of improved project manage-
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ment . Two approaches to a standard project monitor are available , either one
Is quIte costly. Standard hardware and software (a very powerful “intelligent
terminal”) may be provided to all projects. This alternative does not appear
tenable, considering the number and variety of projects . It also introduces
some Interface complexities in integrating the proj ect monitor with program
lIbrary operations in the production computer. The alternative of converting
a standard software monitor to operate on many computers Is also expensive .
Despite the expense , this study believes that the degree of standardization
and objectivity necessary to produce reliable and comparable data for valid
research results can only be ohtalned by automating data collection at close
proximity to the source .

No direct reconinendatlons Is made for the transmission of data from intelligent
terminals and project monitors to the repository. If the data collection

• system is used to support research only and research results are not used to
adj ust the operation of the software development process , manual transmission
of machine-readable media is quite adequate. If the data collection system is
used beyond the local data base to support project management , or if research
results are to influence softwa re development , a more rapid data transfer, such
as digital data communication lines , Is indicated.

105 1



- - -

I

6.6 DATA BASE AND DATA BASE MANAGEMENT

The interface between the data collection and the data base management
systems Is determined by a large number of factors including:

• The degree of data base central I zati on

• The structure of the data base

• The capabIlities of the data management system

• The nature of the data retrieval capability

If only basic , long-term research is supported using derived data , a
completely centralized data base is indicated. If immediate project manage-
ment is supported as well as research, localized data stores and project
monitor systems are recommended to buffer input to the central store and
to Interact with the centralized data management system.

A centralized system is easier and cheaper to Implement and operate than
a decentralized system, but participatIng projects receive little or no
benefit from the repository and may resist supplying data. Unless machine-
readable data is delivered, key entry at the central repository will be at
a high volume; error correction from a central location entails substantial
delays without on-l ine access to distant data sources.

A decentralized system Is more costly and di fficult to implement and operate
than a centralized system, but can provide direct benefit to data suppliers .
Project management may also feel that their data base Is more secure if it
resides at the project site and data may be desensitized before transmittal
to the central store. That Is, fine detail may be collecte.d at the project
site, but only filtered, summarized data need be sent to the central data
base. Data entry at the local data base permits immediate noti fication
and correction of errors . Local data bases may also be more amenabl e to
the employment of automatic collection capabilities since di rect interfaces
with program library operations, program production tools and computer
operating systems are possible.

106

-_ - - -~~~--  — .-- --~~~~~- -~~~__- “ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _  ~~ --~~~~- -~~~~~~ 

I

The data base structure employed must be flexible to permit growth over
time and to allow new logical views of the data to be added as old ones
are deleted. Serial records that are related through indices offer the most
flexible structure and It is recommended that:

• Records be written serially on a device.

• Direct access storage be used for current records and tape for
historical records.

• Records be indexed on one or more keys.

• Indexes be kept on direct access storage.

• Pointers in one record type be allowed to point to records
of another record type or to an index conta ining pointers to
records of another record type.

Flexibility is also needed in the data management system to provide for
change in the data base and to adjust to the unforeseen needs of researc h
users . It is recommended that a data management system be developed
whose physical data base structure is transparent to the user. That is , the
user shoul d view the data base in a logical structure that is optimum to
his emp l oyment and not be concerned with the mapping of his view
onto the physi cal structure of the data base. To impl ement this recommen-
dation , the system should:

• Provide a data definition l anguage capable of defining multiple

logical views of the data base by building a table to be used by

access routines to map the logical views to the physical view.

• Provide sufficient independence of the logical from the physical

view so that new data items and record relationships can be
added without affecting the existing logical views.

• Include security keys that must be supplied before data base

access is al lowed.

• Prevent access to data items outside the logical vi ew of the
user.
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• Defer batch updates to periods of minimal activity to avoid
problems of deadlock and restart.

The data retrieval procedures do not have a major Impact on the data
col lection system, but are IntrIcately Involved wIth the data base structure
and the data management system unless the data retrieval requests are
handled over the same communIcation channels as data entry. Data retrieval
will range from standard reports to analytic requests to random queries .
Extraction of data subsets for particular users is also a possibility. If
the data collection and repository agency generates all reports , a less
sophisticated security system is necessary than if access is semi -public.
If the central repository Is used to support management on a local or
regional basis, the interaction frequency will be greatly increased.
However, if local or distributed data bases are used , the level of activity
at the central repository will be lessened. Simulation tools, software
development models and project management tools may be developed for use with
the data col lection and data retrieval system. Only minimal di rect impact
should be expected on data collection procedures but the data base might
need to change to support these tools.
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6.7 REPOSITORY OPERATIONS MANAGEMENT

The relative merits of having the data collection and data repository
facility managed by Air Force, Civil Service or civilian contractor were
evaluated. The evaluation criteria used were the degree of flexibl ity a
particular agency would have in adjusting to changing requirements, the
responsiveness of the agency to contract directives, the productivity of the
agency, and the cost. It is also possible to assign specific functional
operations to one or the other kinds of agencies. For instance,

operation of the computer facility and the document library facility might
well be assigned toone agency or be a time-shared facility with other
operat ions, while data entry, system support and research analysis are done
by another agency.

The results of the considerations are summarized in Figure 6.
The rankings shown in the figure reflect fractional differences; in almost
every case , a ‘best case’ argument for a less favored agency is better than
a ‘worst case’ for others since Individual persons and agencies vary widely
in performance.

While Air Force agencies are normally flexible In organization and operation ,
they are often plagued by problems of personnel availability and turnover.
Civil Service has better access to trained personnel , but manning restric-
tions and red tape impai r Its ability to adjust. Civilian contractors are
normally quite flexible in meeting changed contract requirements and usually
have access to trained personnel. Using Air Force or Civi l Service
personnel for stable positions and contract personnel for positions subject
to rapid change might provide the greatest flexibility, but overal l, a plus
was given to the contract personnel .

Although Air Force and Civil Service personnel operate under the direct
command of RA DC personnel , penalties and rewards for performance are
difficult to apply. The civilian contractor Is the most effectively
controlled, given the proper provisions for Incentives in the contract.
Controlling a mixed group is probably most difficult because of the diversity
of authority and complexity of relationships.
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The productivity of Air Force personnel is inhibited by performance of
other responsibi lit ies , frequent turnover and inadequate training. Civil
Service job standards ensure that adequately trained persons are assigned; but
while stability is high , l iberal vacation and sick leave policies may
cut into productivity. Al though levels of experience and training are not
likely to be as rigidly observed as in civil service, contractor personnel
are more subject to incentives and actual removal from the job if perfor-
mance is not satisfactory, keeping productivity high.

Al though cost is a critical factor in the evaluation of a potential
operations management agency, there is little basis upon which to choose
an agency. Although the Air Force may have a slight advantage, large salary
variations with skill and experience obscure the di fferences among the
agencies and choice should probably be made on other grounds.

This study recoimnends that the data collection, entry and retrieval system
be managed by a single civilian agency under contract to RADC . As compared
to either Civi l Service or Air Force management, operations management by a
private contractor is judged to be:

• More flexible in meeting changed demands.

• More easily controlled due to contractual control over
financial incentives and more easily criticized than “in-house ”

agencies.

• More productive in that incentives and punishment are more
• readily applied .

On a body for body basis, there seems no clear cost advantage for any of

the potential management agencies. Air Force personnel tend to have lower

salaries , offset by the amount of time that may be devoted to other duties,
high (albeit hidden) overhead costs, and high turnover rate. Civil Service
tends to get equal salaries with private industry, pl us generous fringe

benefits.
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One potential drawback to civilian management lies In the reluctance of
other corporations to release Information to a potential competitor, a real
but surmountable difficulty . Hence, in view of the greater responsiveness
of the contract agency, a civilian contrdct agency appears to be the better

choice. It is true that inadequate contract provisions can lead to poor
performance through both lack of guidance and ineffIcient appl ication of
penalties and incentives, but an opportunity to correct these arises each
contract year. Operations mandgement or support contracts are currently
quite popular in a fiercely competitive market. The prospect of acquiring
a competent, efficient operation Is quite good.
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7. IMPLICATIONS FOR FURTHER RESEARCH

Creating a viabl e data collection and software data repository will require a
great deal of additional investigation and system development effort. While
numerous recommendations have been set forth here, many of them are contingent
upon the design decisions that are made for the total system. Assuming that
an overall operational concept and system configuration has been selected and
the data collection and data management system recommendations set forth by
SDC and IITRI have been adopted, system specifications should be produced to
set forth the requi rements for:

• Acquisition , development and/or integration of software develop-
ment tools into the data collection system.

• Determination of the effectiveness of the data collection
procedures and parameters In meeting the needs of research in
terms of data volume, data base structure, and data management
system requirements.

• Selection of the mode of operation and appropriate hardware/
software requirements.

• Development of an extensive set of user oriented manuals ,
including:
- Data and terminology standards.
- Procurement (contract) provisions to support the data

system.
- Mechanisms for data collection system maintenance and

Improvement.
- System examples to Illustrate usage.
- Classification appendices to support complex data

category values.

• Institution of repos itory studies to develop more objective
indices , especial ly in the project environment attributes.
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• Examination and incorporation of more comprehensive configuration
management controls with the data collection procedures. (Only
minimal requirements are incorporated in the suggested data
collection forms).

• Investigation and specification of data sampling , fil tering and
summarizing algorithms to provide more objective data reduction
to avoid the distorting effects of subjective procedures.

• Performance of trade-off studies of project monitors and intelli-
gent terminals capable of local data entry editing and prepara-
tion of machine-readable reports for the central repository. (It
is felt that submitting a high volume of detailed manual data
forms for keying at the central repository may prove infeasible.)

It is felt that the following software capabilities need to be developed:

• An input editor or error analysis program to validate the data
submi tted to the repository while automatically obtaining error
statistics related to the completion and submission of the
collection forms.

• A data management system sufficient to meet the recommendations
set forth in this study.

• A report generation system sufficient to meet the needs of RADC
research and user requests for analyses .

• Statistical analysis programs to perform sampling , filtering
sumarizations and other data reduction tasks.

• Semi -automatic management systems or project monitor to satisfy
the management needs of the project and the research needs of
the repository as a data entry buffer system.
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